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IMPORTANT SAFETY NOTES 

Use the sataty guards instaDel an pawer equipment; they 
are lor your protection. When war kdng with tool5, pswei 
tools a no macnioE^ always Callow the tool iRajiuraitarEi's 
[nstiuctiuDS rot safe gperailGD. Keep lingers away horn saw 
MadEs wearsaflety goggles topreyent injuries horn cr/ing 
wood chips, wear a dust mast: and wear ear deiendEis to 
protect your bearing. Consider using Oust era [act Loo to reduce 
the amount or airborne sawdust In your wucdabcp. Pont wear 
Loess nlrthlTig. mich as OBClftlBB nr shirt e irttti Loose sIebtes, 
ot Jewelry, such as rings, re: Id aces orbracaLete.wheousinjj 
powered machinery, and He dad Loo j hair to prevent Lt itom 
getting - c-aught. 


DISCLAIMS 

me authors ana -sailors who compiled tnls dope have irled to 
make an c ne con tents as occur ats and conEot as p os slide. Plans, 
Ul usi ra Lions. pbDtoprapbs and tait have t-aen carefulLy on sc Kiel 
All instruotlaos, plans and prulects sbcuhl Pa careCudy reao. stud¬ 
ied. and understood oatc-rs bEgirminp const ruction. Due totbE var- 
LahLlityoC local conditions, construction mats rials, s-j-dl i Levels, etc, 
neitbe r the authors dot Betterway Bootes assumes any responsi¬ 
bility ibr any accidents, Injuries, damapES or other Lasses LdcluteO 
resultlnp from tne material presented in trris cook. 


nBUUTn 

We would (ites to dEdlcate this edc-c to alL the meo and women 01 
the past—inventors, engineers. olDckmakeis and true likes—■who 
spent countless hours !□ wares naps ma cl ns little machines and 
WDTJdnp uiddEls I n wood. V."e all know shout Leonsrdd dsVlncl and 
his helicopter, and Stevenson and ids loco, nut wild was it [ wonder 
who made trie rirsi verting mcdel Cor. say, tlie first pa d loc e? OrthE 
rust pair at rollerskates? 
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Introduction 


?^ly grandpa used to tell my mother that t we& one of those 
comp-icaied E-bcky-fingEred Uhls Pays who needed watch.- 
mg! Ha always us Ed to say rti= t ] was up to tricks and Learn¬ 
ing. As 1 remember, a]] this meant m et£ect r was that t was 
to mowing tools without permission, usually rmssLng at 
meal tunas, and generaljy difficult to track down. Lt wasn't 
that 1 was :n any way naughty or up to no goad, but rather 
that E was always ’inventing.* ] made a cross bow that was 
tncra a Ifllhal man trap than a weapon,, an electric alarm 
clock that couldn't bu touched unless you were wearing 
tublioi gloves, a lovot oiccMnfetn rot Omj gate that very 

III Illy . . . find ifu-uti i :■! l::i: i V: i-_-l il n 11’s i:iU, fMd fin Elm 

list goes on, so you see, se wasn't thsr r was o notnijie mne 
boy bant on mlsotilat, bur only that 3 loved tme-chanisma 
and FriV'iiVEl working with tools and wac<d. 

] was never sa happy as when ] was tucked away in the 
back 5 bed hacking away with K obe and saw on one or other 
ot my labcur saving inven tions. 

And ot course, now that 1 am a man and fully Drown, one 
of my chiEt pleasures is being out in my shed workshop 
dreaming up navi mechanisms But I'm not alone Tha mi 
raculous thing, the thing that makes our mHiriaga so suc- 
cessiuS. is that my wiJa Gill is a soul mate, a line kindred 
spirit. We both get pleasure working with wood. Picture- us 
iF you wlLL. OH! in our workshop; tho radio humming away, 
our dogs East asleep in a couple of ancient armchairs, 
irnigs of ted, both <>r ug up ret oui smamlts In a glorious 
miasma nr eoolr, shnvLngs, beeswax. wood and working 
drawings. Dur shed workshop is a haven 1 And now that out 
two sons are out c-r the nest. It doesn't marier too much it 
we spend most of the night working. It we are tired hut still 
willing, we simply settle down in T.he armchairs with a 
kmte and whatever pan needs sorting, and dntt and dream 
away the hems. The incredible thmg is that at the end of it 
ail after hour upon hour spent sawmg. planing, gouging, 
turning, whittling and waxing - we get to make the most 
amazingly intricate machines end mechanisms 

Our ambitions involve sharing 'with you the pleasures ot 
createng small machines and mechanical prototypes From 
■wood- Wo Want you to share in tha Eun. The projects eh re 
small, so yeu deni need a vmi workshop JulE-oE tools or a 
lortune Hi w&od; all yow need In imilmslam 


With each oi the projects, we rake you through ah the 
wonderfully sansiyutg procedures ot choosing the wood, 
s string out the designs, sawing, plani ng, drilling and all the 
rest. We qivs you working drawings and templates to ex¬ 
plain how, why and what with. There are drawings show 
img derails, and There are photographs to explain the 
various step-by-step stages. We have done our best to de 
scribe aLI ths procedures that go into making our working 
wooden wonders 

Each prefect draws inspiration trout a specific meiJjo- 
niSiii. Thor* arc iwsnty-oi&ht prajecia in all—all exciting, 
flSl dynamic,alLbeawtltul an ::.>11 mode (torn wsod. 
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Nate 

JLli □JuuuTBJUDTit'E axn Id nadic-E, and tiic sLkc* 3 alLow Eci a. 
q-nni:iciLr. aninnn.1 at Lvnntn. Tim dlmnDninnE Lntbm LuttlLng iicts 
djd fliT-an Ih tine ar-tLsE- cE Uitckanss widili and. Jc nrrth.. As wliii an? 
iv □ ode □ Ecuiptara, tlic d^rnmnicn-: indicated me ntditLr.g-puLn.tn 
□niT MC'diJi' dimcn.nLDnn. npnntrn and pnrtn an □□cansarv. 
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Circular Movement Machine 


FHOJECT BACKGROUND 

TtiL 3 machine le BFnBZLnflJylntsiBBtlitQ ui thatitbaatitihiLLv 
LllustTBtes due oi the key principles of horology, it shows 
how, in the cor.te>! t of a traditional grandfather-type Gluck, 
b pulley drain, length oi cord and weight aie able like a 
coded spring™ to store up and. pTOVLde enaigy, 

The mavamaiit is hEmdsomely direct and ur-complicat- 
ed. As the weight Jells at e constant rate, so the dium-ar.d- 
baam flywheel spins al a uniform speed on its pivot. Tlio 
feseLnatlhg thing is that the position ul Mu piil-shaped 
wciyhi y on ul iu beam cJ.tai riutl t-;«il I y oh ets ! h ■; speed, uf Jspfcti 
To sat the machine Into motion, the com is wound up 
with the cmnk handle, the two he am weights me .id justed 
so they are equidistant ham The center or spin, and The bib 
weight t& allowed to descend Lt yen have a yeti to play 
abound, with neam weights, crank handles and pulley bed 
weights, end si you enjoy a pood working mix cl woo d turn¬ 
ing, fretting on the sctoJJ sew and drilling, this might well 
be the project for you. 


FHOJECT OVERVIEW 

Hsve a Jock at Lhe pooled picture [rights the working drew- 
mg [Fin L-iAj and the templates [t-'ip l-LB), and sse that we 
have dE signed the machine so it can bs easily positioned 
on ths edge ai e surface. The idea is that the machine can 
b e located on e mantle shelf or the edge oi a table in such a 
way that thB bob weight can iall tbrEB or four feet lower 
than the base of the machine. 

Although at iir-sl aigTil this project may look olmcsl too 
simple to be true, E thinfc it fair to watn you that turning lhe 
beam boss with its Integra pulley vm@ol and suindiu. plus 
turning, drilling tnd fitting out the Eong. sauseafi-ihoped 
hqh wtdffbi, in all procedures that can for a asat o[ patience 
and expertise. TlieTe are several pclnta ajpnp the way that 
require delicate work 11 yen ate to avoid mess-ups. For Ex¬ 
ample. the ht at the spindle needs to be juat an—not too 
Loose, not fc-o tight. Also, ms heb weight hole hea to run 
straight and true. 5t the drill bit veers e little oil-center, you 
have got a dowel with a gash in the side not a pretty sight 
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CIRCULAR MOVEMENT MACHINE WORKING DRAWING 



iLfcout 13" bigta an :l ai little 


in CJRCU LAR movem EKT MACtf] he 
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CIRCULAR MOVEMENT MACHINE TEMPLATES 



FIGURE 1- IB 
Ttff scaJc js turn crnd 
SETuajns la 1". 

A Stand. 

B Sana. 

□ LHL'.LIrcw-supFDrL 
I] du^s ■;^ii:iiili: Li.ru.ir_ boss 
anil sliaJL. 

x Ciank ImMIa 
t WMgtt. 
o DfiaiiL welches 
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CUTTING LIST 


A 

Bfand 

1 ■ 6 L A" ]3 L Apltcfi pirns 

B 

III* 

] ■ T 12 pifCJi pine 

C 

ByflrtJS adpjlbTt: 

] • IV, < 3 L A pltCU pfail 

n 

B323 apLMlfidjiUn 

2 k 2 ■ 12 pitch pipe 


find nywhesL cam 



■JjSkia 


E 

Crazik handSE 

3 * 2 * G EEdijr 

F 

WEijnt 

S'—v,' palawcorl dowel 

G 

BsamweigiUE 

^uiE 


&BEJD 

34’—'/V dowel 


kandlBE, lisnoa jseqe 

White wood dfflWelplBGHB 



CHOOSING YOUR WOOD 


With all the center points clearly fixed, drill them oul 
with i hi? appropriats bit size. Warning for saiety'& 
&itke. :i meat size 5s greater than i /ar, have the warkpioee 
held with a clamp (FLys i-£ and !-□). 


TURNING THE BEAM WEIGHTS 

Having EstsliJishEd the End centals by drawing 
crossed Lbagoiiels, mount the wood on the -lathe, 
draw up Hie tailstack. set the tool jest st the correct 
height, end see tc it tliat aJj your tools ate vcLtban reach. 


lake the JaigE gouge. either sqiiaiE ended ot round 
nosed, and Ewiftly turn down the 2 M 3 S' equate 
section of wood ’o the largest possih-e diameter. With the 
wcoti roughed out, Take the skew chisel and bring the 
wood to a smooth cylinder 


2 


Although we went roe pitch pine for ifce base, standi, but¬ 
tress support ansi bus. 1 ! spindle. a length at oJHhe-sball 
pale wood dowel mi the weLgfot, and odds and ends or vail- 
□ua white wood dowel Tol the handles and Hiring pegs, ibis 
ls not to say you cen t go lor almost any wood that lakes 
your tEn:y. Thers are two provisos: the boh weight le best 
made train a heavy, dense wond_ while the boss spindle 
needs to be made Jrnm a wood that is straight grained and 
easy to turn. That said—and mindful thst wa ell ought to ha 
using nature friendly. sustainable timbers -you could go 
for a variety Like lime, jalutong or perhaps even beech My 
overall thinking is that If the wood ls easy to work, not too 
expensive, iree from knots, spills, warps and stains, and 
from a reputable sou.ri;o. it's the right timber far the task 


MAKING THE BARE, BACKBOARD 
AND CRANK HANDLE 

□ study the working drawing I'Flg i-;la) and templates 
l Fig 1 -VE 3 K maw the protiles to size and make 
clear tracings. 



ziet to work carefully cutting out the profiles. 


Take the two culouls—the stand and crank—and 
mako sure the position of all ihu hofas is Clearly 
established with tmtichrjri center DDLnts [Fig 1-lB) You. 
MRd crate? points far the JjV-oiamgteir spindle heating 
at the top of the stand, the lour I'/s’-dlameser pjLnd boles 
that decorate the front or me stand, the W bole at ihe 
center of the cran* tor the spindle, and the two 
V*"-diemetEr hoLes et the ends at the crank "ot the 
liELidLe doweis. 


3 



Srnrnog wkh ilia run boarn disk.':, in |iiir.k- 
working from right so left along me woikplece, 



FIGURE i-2 

□Lamp the wDiUpdecD sacurely tn Hu vniMalilD, ajidrcm r Jut Mind 
bnlffs Jnfca tlic depth, el the Head Q[tbc FdjeItloe bit. 



FIGURE 1-3 

Have a plccc nl wa:tc wcad ur.ds? the wd rlep iccc --wo uno a sheet 
□1 ptywoMl— so Tom can dull right thJDUfl-Ji the wurlcpaoco wlUicii t 
doing damage to the hit. Tho waster alBDnoenroB that the exit 
hole 13 crisp and clraji edged 
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Couyi spited catena! 


meaning rcDri i the tail&toek ond, the CUvld*js arid 
markall tho itts-sili that anakoup (ho assign Allow 
about l /y" Tor tinstfjcSr waste: r for the First cilsl^ ] .-V Jar 
paiT-arr waRte, r tnrthe second disk, and then a rinai 
small amount lor part-alt waatE 

□ With the two disks ceretully marked, taka the 

pairing tool end smk tn= waste aiaas to s depth o: 
about '/□" aa you aiE JaEt with b gqtb diameter oi ahaut 'A". 


Finally, when you have what you ccmsldfll is g 
welt -1 nilclldi pal i o! dlsk-sliap«fl nofcglits. hr i n g 
them to ,i smooth linlsli with the skew chiseJ and a piece 

a( rinE-giadE sandpaper, and pan all', 

TURNING THE INTEGRAL 
SPINDLE, CURB DRUM AND BOSS 

ChEck ynuF wood over tor faults 2nd mount it 
BBCiLraly an ths Lathe. 




□ Taka the skew ableal and use the toe, ai point, ro 
swiftly mark m the midlinas ai each L ri wide disk 
Than flip the tool over, end use the heai la turn away tha 
corners cl waste Aim toi a rilzEly founded piofilg. I first 
bleared tlia parting wa#te, then cdmm*d aJF the sharp 
cotriurs. and then rounded Bach ol the sSiouldera (Figs 1-4 
and 1-5) and so on, all the while trying to match up rho 
mirTor-imBge [onus. 



figure i-4 

Ta tum HI tfeq a nund KliaunJci, aa* tin ntowiu cJUint Pat an tUn 
wnakplt-cn, d lowly tlwLlc the ttidI until thaliAcJi nr HuaLaEUd hladA 
bagpLnfl to 111*. and than run. In a. cnntlJiuouE nvucc p down nnd 
rauntil bit□ tTia yalLcv 



FIGURE 1-5 

Karino tiiTucd nil lacing stiouldc 15 . taka Oie Taarttr.fr tool, and 
tin even, the parting wastn ta nrraal and dcllnn Uua ELatfacn 
Dl Oi-a disk. 


□ Having used the square- or round nosed gouge ta 
schieve a laugned aut cylinder and the skew chisel 
ta bring the wood ta a smooth finish, taka your ruler and 
dividers and mark all "ha step oils that make Up the 
design. Waiting from, the tailsteck and, allow a small 
amount for tails lock waste. 3* [01 the spindle. 1' for fho 
drum, r lor ltm Lsogth ol spindle between the drum and 
Flu boss; r for thtbess Itself, and the n^c for chuclrw&sre. 
Mark the ] M drum with a rcHdiine. 

B Taka tha parting tool and lower tha weste between 
ill e various step-off points to achieve t ha required 
oorE diameter [Fig 1-BJ. Foi example, ;l ive take it that you 
are starting out with a ^'-diameter cylmdar, Then you riEEd 
ta lower the spLndla by Vi* for a 'A" core, the dram hy 
about l /-£ r for a 1W cane, the aiE-a ai spindle between the 
boas and tha drum by a litrla aval W fora Wo* gotb. and 
the boss by Vn" for a 1'/+' ca ra |Fig i-7J. 


With each of ihe stup-aJJs lowered ID the reguirad 
depth, teks the mol aJ your chcira— I Like using n 
skew chisel—and shape up Hut various profiles [Fig 1-8 \ 
The bow imd ihe drum and ihe leng th of spindle in 


between can he rmtiPil to any shape that iHikes youi tanay, 
bur the spindle shaft must be ruined down an it 1s a 
smooth fit in a W’-dJamatei hale, it yau can't use a 
■/t" dnll hLt, turn yout aplndle sLiatt ta the nearest size. 



FIGURE 14 

Take thu pLirluLn taoJ and □3la£iLls.htJiD luakn core tn’.nic tui^. 


CojjyriQfifed Maferisi 
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nCEJUE 1*7 

tiUWDj the ? tup-QjJ t lmtU you E^acKtiiD crntr HJanictma ol' /■" fax 
Efatr njtiiidLB, iVi H fill thu rtnixn. about */■* for 1 Ku lungth wl spindle 
bolttni Ebt drum ami thu bm«. iod 1 T hr I he buaa- 


Whan you have mined the various profiles m size 
anti shape arid Tubbed them down to a smooth Jinish 
with a scrap of sandpaper, cart fully ease the tailstock 


csnter out at the w*y, arid hua trial fitting oi Iho spindle 
throutfi ibn hearing holt at the leu of the stand He 
mindful mat it need* ip he a good. smootti-Tunpiyig fit 


(Flfll-BJ. 


□ To pair a::, hold and cTa-dle the workpiece Ln one 

hand, and care hi Dy nip it d:: with rha tea at the skew 
cluse. {Fig HQt. 

n Finally, sat the rag -mufflad spindle in the jaws □£ “ha 
chuck—the rag bair.g used ta protoCt the spindle 
from crush damage—and sand the part-off point down to a 
smooth finish. 

MAKING AND LOADING 
THE BOB WEIGHT 

□ Fftrore you put tsol td wood, ftavt another iook at th* 
working drawing mg l-lA) and tern pistes mg ]-m\. 
Note how L-.n weight need a to lift I n ng and tbic so if mu 
pasa between fhft stand and me splmUny beam weights, 
while: at the aama lima It must da heavy. □onsldasr liow we 
dnilad out a length oj : VV-dianrie-£i dowel and loaded it 
with lengths cut bom a Ja* nail 

B Take youi G" length of ^"-diameter dowel and. 

check it over fur faults, IE it is warped, split, stained* 
or an Liny way Less hum perJycl, select unutheT piece 

O MnVft a ];iL| rhar nllQWS yrm m .stand the do wet Oh end 
nf right angles to the drilling tahift and hold the 
dowal secuieiy In place. [£ you lock at the&tep-by-3tEp 
pbcioprapha, you will sea that we solved the problem by 
clamping itiE wood between o couple o: heavy, steel 
V-blockH. 



figure i-s 


fhtjartlhilyuiimbrt weriiji!H*i!,*li&waha {Ertkn l&fTTi! fitful the 

bp**, IrtdigilLnf iU..-cirJEli#n F,)Uoc[lk, dtum *tid pphuPt thrift-tf*t* 
tftifft. attlkL-t itiy*. irfft itfflrfl fiillL UiLilACldMd u tn haw ua wanrurE 
lb* ban to lie f I ualLy tHajjfi fl. 



nxnntEH 

with in* mn tfi.’.uTA m m* jam «r fit* iurw 

baeH tl¥R tiLlfiacU And I tan a- j IHaJ llttlng at tlm cpLiidk, fbalt 
through tbn burLng lioln. Id v*xy iiainluL uni tn |att Ilia-turning 
oflcnnhu, 



FIGURE L-l □ 

WBcn yau bar* ucli:avail wlut yen laxisidcr ic a qend. wnLL 
ELnLcbDd tumLag. iDsutbD lac at the akcwcMioL tc part 3 ll Eram 
tiiu latbn. Bn careful that Th.o In uJ the cblflBl donsn'E Blip ittwoeu 
tbc WDrhptDcs and EtxdI rest. 


14 cmeULAB MDVEUEtn MACH 1NE 
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Run a W-diametur tide down through iTie luny ttl of 
rho dowel, Boro the liol« flown Lsiio ono end—to ifm 
run length oj the bit—and (hen turn the wood ovei .ana 
l epem rhe procedutE ror the other end (Fig l-lli 

□ With the holes m place—either right through the 
doweL or at Leest a good way mto each end— cut dlis 
or more Lengths hom a •□" neiL. and Load it to within et-out 
Vt" of th= ends. 

□ Rush a ianpthof split a?,d glued a /a' dowel into the 
end hole—-hath ends tap a shaved wedge Into the 
little stopper, and put it to due side to dry (Fig 1-1S right! 

Dns end at e time, secure the loaded derive] in the 
jaws o! the lathe chuck, and nee (he sk«w chisel and 
iho yrafled. sandpiiwas tc sum It down to a rDunS-emlefl 
shape—1 iv n n mg 1-1? lnJl), 



4 


□ noall 7 , cut end finish elL the secomdaiY components. 

thE buttress at The back □£ Hie stand anti all me Little 
p lus and pe gs. 

ASSEMBLY AND FINISHING 


FIGURE i'll 

Eucurclluj dowel ncit i£rp#rf*tllj-n]S[jriDd with thu drill, and nin 
n a /r-dltoiDl(irligle iLown l&thH ImIL ilpplh; oJ Uirliil Do (hla limn 
btiih if mt> Hi ih* Atwal. 



Figure 1-1E 

I'nghitj Cur a length Inmu S' umL. and push tt down Iota tbo 
carrity aim to Elul-eIl up vnQi a spn-ic of about Vi n at tbo top ■□£ tbc 
nolo. Plup tbo be Ic with a sbe-rt longtb ul wodnod down]. 

(lotti Wbcntbo glue Is dry, set tbo iwoilcpdeco In tbejaws ol Lbc 
ctauch, and care tuny turndown tbo rad to a irad-mnl bnjLb. 


O 'lVith all the component parts matlculmraly cut and 
■worked (Fig L 13), and with, all unglued sudarss 
lifltitJy oiled, sat the stand an the base sc it is flu eh with 
the iior.t edge and aligned with the center line, anti draw 
in a couple of die:teat alignment marks 



FIGURE 1-13 

Koto that tbc aroo.5 tn be eluod, oil tbo bun, tbo unde i sibc at tbo 
Eland, nnd two sides ol tbs butt joss arc net sited. 
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niatnp me sEantf Lightly i d the fosse, and run 
w-dlam®t#r eagr-lMtig holes down ai an miyLe- 
tftrougti me Jeex and on into me hose. me best procoduro 
•.a to flrilL ntie !oot, secure h with o peg, and men repe.it ttlfi 
technique rmr tire atliei side. He aware mat because me 
Eeet ate snort pelned, they ate relatively tragiLe. Note: 
don't glue the pegs at this trial, htting stage. 

□ Take the buttress piece and set it inmly against the 
dack oi the stand. When you Eeei. there le good, tight, 
right angle coming together o£ the three components. iit 
with a dowel l,Fig 1-141. 


s 


Take the boss spindle and the heam weights and. 
one piece at a time, secure them in an appropriate 
clamp-emd-hlneSt jig Drill oul thd W-dLanttter holss Tor 
Hie Dearn red- Mato sure the holes ito aligned at tight 


angles to the run ol IMgrafm Brill two w-fllamitN 
Holes—one into the arum tor lining the card, nsori the 
other through the side ol the crank end Into the spindLe 


.TLg 1-151. 


Whan you Lieve tilted the stand to the base and the 
spindle ]s sitting camtoitadly in place at ihe top oi 
the stand, push £:t the W b Earn dowel through the boss 
(Figa 1-10, 1 17 and 1 lH\. sst the weights on the beam. tLt 
the length ot ime caid and the weight, and then have a 
i Tial run. 



rtsime i-m 

Pft and 11 h IhDitxnitD tfiidisn. 
and tlinn Iihu with, tin; buttrnic. 

FIGURE 1-15 

Build ctampand-bLacIi jilgs J jl the 
dittLcuLt-tc-JiaLri cnmpaacnts that 
n>: ^ri. til bu drilled. HLelLdiLzc- Ulj risk 
or 5 |?JiM In 3 lJir wan'd b7 having tlic 
Eludes not ociG-3-s the inn ul ilia otbuLil 


PHDS LEM SOLVING 

Tbo wiiole success cl this prejset hinges on ibc spindle ateft 
being a. smooth, Inction trsE tit through (he Ipp ol stand 
beanna hole Try waxing ths contact sutlacss, 



FIGURE 1-1G 


The Jicaiu cod needs la ba ati:flit pusJi 
tLt tbi-DDgb thn bins hide. whale at the 
sa.ni; t ime a Jddec ■pu-sti lit tlic auffiii the 
dish w rig Ida. 



FIGURE 1-17 


Pjds Hud shatt triraugh. the dcuiiLn JiqLc. 
art the crank on Hie shalt. and III and. ILh 
wsth a rc u.r.rL tdDtbpLCIt 



FIGURE 1-10 

Fit tlm wcLirtLt an tlia and of the cord. and. 
Ilht c a trial run. If need be, reduce tlic 
IrictfciD by w-a suin' thn shatt ar.il ail the 
■□the r maiian rcati ap lacno. 
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Harmonic Oscillation Punch Machine 


FHOJECT BACKGROUND 

The oscillation punch machine is a gem to make. W*6h its 
intriguing movement and. attractive structure, ]t le the sort 
of machine ttist ie just asking to he set into action! 

A.s to the nEicne of this machine. it is not so easy to coma 
up with a dear cut definition ar msaning QK„ na problem 
with the term oscsllaticn punch—it simpEy describas the 
up-and-down punch action that is crested; by thi oscillat¬ 
ing, or side-to-side, mavttmsnt of the sector wsight—but 
tbs term harmonic Is a bit of astleldfti T reckon it has some¬ 
thing to do with symmilrlctk harmonic ftecmuncy, but I'm 
nor smu mvn yum got goy ideas? 

The nest way to operate this machine is to pot yam 
luteringej sn the sector weight hale and to Elick it rapidly 
Erom side Id ELde. II everything is Tight the swift side-ta- 
sl-de movement should Leant m the punch Joggling up 
end down. 

PROJECT OVERVIEW 

Have a look at the working drawing [Fig 3-1A), the tarn 
plates (Fig 2: 131 and the various photographs, and you'll 
see that this project Le somewhat complicated in that it is 
mads up oi a large numbs- of small moving parts, This is 
not to say that each component is in itself difficult to cut — 
Ear from St—but rather that Elm sum total oT putting all the 
parts togoilwT dQtHJ tdguiro :i lot of thinking and a lot oE 
fin* adjustment 

study the working drawing |.Fig a-3rt:, and cansider 
how (he machine is made up nl the prlmaiy unJifl: a hnse 
with a law., glue-lixed hadkhoard, a high, Taund-tappad 
backboard with a plvat rod location slat and vaiions pivot 
holes, a plate and space: ta hold the sector, the swinging 
sector weight itself, the canr.eDtmn rod, the pivoted ctdee- 
liead joint and punch, and the bracket. 


En action, as the sector weight swings to the side, the 
□onneitmg rad rises, which m turn hits the punch in its 
supporting tjacket And, of course, as the sector comas ta 
rest in the mid posit ion, the punch gcea dawn in its bracket. 
The beat hit about tha action, meaning the way the pruts 
move, lb the 'way tha lac es fit CTasshead joint at the bottom 
ui the connecting rod se hspl in place by the pivot pin that 
pas-ses through the unit and into the backboard slot 



Copyrighted Matensti^'™^ oscillation punch machine: it 
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Maiepwan. aauptneHHbiM aBropcicuM npaeoM 
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HARMONIC OSCILLATION PUNCH MACHINE WORKING DRAWING 
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FIGOEE 2-1A 

u a grid BtiliiimHiang 
br, Qih BdcbiDA stands 
abot aigb and G"vrEl« 
annas lbs span si Ob basa. 
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HARMONIC OSCILLATION PUNCH MACHINE TEMPLATES 



Ficcm e a-is 

ThscaEe h Mr vkf squires 
b r. Hah out we binoorv 
iBnetraM tie dUMdUt-to- 
vEiBailn cnja^DiieBls. 

Il Tall, couDd.-topped 
fcaz ilia aid. 

■ 5p&:ej\ 

C plate. 

D Did 2 eh end |atn.t 
jLdnn. 

CDLltBJ. 

E Bracket. 

F Se-ctnc Tieirfit. 

G CmnniantlEur rad. 
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CUTTING U ST 

A TaLLraimd-tojiEEd 

EackBoatd 

Vi k 3 “ TVi ask 

B 

SpacEr 

Vj k l 3 A k 2 oak 

C 

Fron! plate 


□ 

nmFKTiinrt Jnlrrt 

SLOES 

Vj“lVi'2DBl 


CBDtHT 

L /i K 1 l /t K 2 gBte 

E 

BCHClEt 

Vi a 2 a S oat 

F 

Sector WELgbt 

7j “ 27a a 3 rat 

G 

Cn ODBC ting m 1 

l /i K 1 K 2^ 0Ti“E 


Ease 

Vi K d K 5 oak 


lxw, bofizontaL 

sacks cam 

7«> 2Vt«= B ELITE 


Pegs aod pLvuts 

IS"— V4" dofWE] 


WEdged. dowE] aol 

puocb tod 

B'— L /F dO*EL 





CHOOSING YOUH WOOD 

We decided tci emphasize anddraw attention to the various 
p utz- hy using two strong-grained, fancy woods We used 
Bpanlsti olive for the horizontal backboard, the conne cting 
rod, and the noddle layer ot the lamLnated croEsbead Joint, 
and a piece of uncharacteristic English oak for the rest. 

MAKING THE BASE AND BACK BOARDS 

Having carefully studied the workLng drawing [Fig 
2-1 A.) and templates [FlgB-lB), take the two G'-long 
pieces of wood—the oak at Vn M thick and 4" wide, and tbE 
□live atVa" thick and 2 V*' wide—and thE 7 W-long, 
3"-wldB board, and use thepencdl, ruler, square and 
oompasses to mark all the lines that make up the desLgn. 


1 


B Spend time carefully marking in the posit Lan at the 
center lines-, the main peg and pivot holes* and any 
other guidelines you thLnk will help you on your way 


When you are cure all the guidelines are well placed, 
use the tools of your choice to cut the three beards tc 
chape and Else. 


Peg and glue thE lew backboard tc ita base, cbEck 
with a aquara, secure with clamps, and put it tc one 
EldE until the gluelE set. 


B Having cut the tall backboard out on tha Ecroll s aw, 
establish the position of thE two tuphclaE—the 
W'-dlameter pivot hole and the L /L"-dlameter wedgE-peg 
holE—and drill them on the drill press. 

□ Finally, when you have achieved what you think is a 
good fit and finish of tha three beards, sat the tall 
backboard on the base and draw in a couple of alignment 
marks (Fig 2-2). 

MAKING AND FITTING 
THE SECTOR PLATES 

□ Have a good, long lock at the working drawing [Fig 
Z-1A) and photographs, and note how this project 1 b 
perhaps slightly unusual in that all the small parts are cut 
cut on the scroll saw. 


O When ycu have a clear understanding of haw the 
parts fit together, taka thE two * A "- think pieces of 
□akthat makE up the setter support—thE spacer and the 
front plate—and use the compassaE* ruler and soft no. 2 
pencil to draw the design on the best-looking place. 



With the two pieces cf wood clamped securely 
together, establish the- position cf the setter pivot 


hole, and drill with the W drill ha. 


Push a length of W dowel through the pivet hole to 
hold the two pieces of wood together, and cut the 
wedgellke shape out cn thE scroll saw (Fig 2-3). 



FIE DUE 2-2 

MatasiffflthrliKtliarf is SEtatrlulLt amianH annul with 

the ODDtOL' ]|QE. 
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FBGdflE 2-4 

Set (be cibib la place on (be lacUMari mats Bin tie 
arranafloiflat is symoiehLeal am tin draw a cbujiLb of 
railESlraUan uita, 


FIGDni 3-3 

Saw ttvouflb until urara 55 as to ic&Lete twe ueetlcaL tabuti 
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FDGDHF 2-5 

jlBh neuter silt fins at rtabtaaglBG to tbB gran, mum a 
trial etniig of tha wbUql if all iscwratit. a pisi ill Bi*m be 
Bum to bfli Hi tao*D Una. 


FIGOEE 2-6 

Saw rtmragb me mrw-LafFsrad stack to achieve flu eg L nautical 
cntnut-s. tfote bawmybBany-luBilaiLflaJl ClzLurj Ter? dimjLy resuJEea 
la a cotu plats dbee^— wttk a =-]i]Lt rnuunir aloDir me grab. 


B Have a trial fitting af thE two cutouts cm tbs 

backboard (Fig 2-4]. Fl* the position of the wedge- 
pag ho]E CBntar point, and mark on the spacer plats the 
area tbatnBeds to be cut away. 

With thE pivot pin atlU in place. UEe thE W drill bit 
to run thE wedge-peg hole through the two plscEE of 
wood. Note: don’t forget to back up the wcrkplBDE when 
ri ruing v.'ltb a piece of Eorap wood to prevent tearaut. 

□ Having achieved two Identical cutouts, take the cub 
that Is to bo Eandwlched bBtwBBn the front plate and 
the backboard and cut away the waste, the whole 
"-diameter circle with the W-dlametar pivot hole. 

Cut a pleoB af Vi" dowel to length—so Lt passes 
through the sector plate, the spacEr and the 
backboard—saw a Hint about V*" down into the end at the 
dowel, and knLfe cut a shaving of waste tc fit 

■ Align the dowel sc the wedge slot runs acrosE the 
grain, and have a trial fitting Just to Eeetf thE wedge 
holdE the tenon m place in its hole (FLg 2-E). 

CUTTING AND LAMINATING 
THE CROSSHEAD JOINT 

Take the three pleceE of wood that make up the 
crosEhead Joint—the two pieces of oak at about L A" 
thick and the plECB of olive at about Va" thick—and 
sandwich them together so the olive Le the filling and the 
grain runs vertically up and down. Mark thE three Layers 
■top," "middle" and ‘bottom" 

Draw the design on the top hoard, fix thE position cf 
the center point, and then tap a pin through thE 
waste area to link all three layers. 
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Cut away the waste, replace the dowel, and than 
glue and. cLamp the three Layers- to make up the unit 
(FLg 2-8). When the gkue le dry, run a 1 /e" -diameter hale 
through the base of the component, and have a trial fitting 
o£ the punch rad 


MAKING THE BRACKET AND SECTOR 

Have a look at the working drawing (Fig 2-1A) and 
templates (Flg2-1E), and. ebb hew the two 
components—the bracket and the sector—are simple 
flHtwood profiles that are cut out an the eotoII saw. 


1 


FIGURE 3-7 

Cat away the ttp hair al the diiiib law a« you are itftwBl a 

Y*' BlSCB. 


H Take the = /a'-tblck piece of wood you've set aside foi 
the bracket and uae the pencil, ruler and compasses 
to mark all the lines- thatmakE up the design 


Run the L /i"-diameter pivot hole through aLL three 
layers and push home a generous length of V* 
dowel (Fig 2-G). 

With all three Layers of wood held secure hy both the 
pin and the dowel, fret out the Ehape on the Ecroll saw. 

H Whan you have achieved the cutout and carefully 
removed the dowel ed you have three layers, mark 
on the middle layer the area that needs to be cut away 
(Fig 2-7). 


4 



Establish thE poEttlcn cf the punch rod hole, and run 
it through with the 3 /a“- diameter drill bit. Note: he 
mindful that the precise position of the bracket hole, 
marring its dlEtance from the backboard, will relate to the 
flntEhed thick nesses of the sector, the connecting rod and 
the crcsshead Joint. If you are at all unsure as to the 
fttLlEhed s ties, you can make the bracket at a Later Etage, 
or you can allow e~tra depth to the bracket, and Khnn trim 
back toflL 



When you have douhle-checked that all La correct, 
out out the bracket on the scroll saw. 



0 Take the piece cf wood for the sector weight—all 
marked cut and measured and with a clear center 
iLne— and gLve it another lock-cvar, just tc make sure the 
three holes are wellplacEd Nc prcblemwlth the W 
diameter flngErhole—it can be Just about anywhere on 
the center line—hut the two L A" pivot holes need careful 
positioning. The top pivot hole must be at the center cf 
Ewing, meaning at the center cf the W-dLameter chela cf 
wood, while thE connecting red pivot hole must he 
centered about Va" up from the bottom of the arc 


FIGURE 3-8 

Siflartficn Kunig Cacas. nundis mtaswlQiau HnldwaL 
and ffiAicinlil^danpiiL 
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FIGQBE 2-10 

Bavea trial etrtliia of Uoth Ekosacltr weta&tand tlejiartlaJLy 
VGftnfoHinKtBifl nri. bQist tit Tartoia f tketonug sotto 

HVBflHlDl ID SEnttil dOti BdBV. 


FIG QBE 2-11 

nuillu^amctltL adiienu tklckDasitfUievinl ar tEbe 
end of (hand ardlmUB the earesi llaitU.Dii a Twist e>i 
5iiirL[:<-=ip<□ ] tn eu51.it c ekarikend-of-nri iota is a boss month 
VMlanuleMninL 


FIG QBE 2-12 

KS B tint. tkidl-kacBl paildg oil It vkRUB lie r«d It a i ennui 
sccHtm. Kit Inntktciikr Umik totba stop-cat. 


FIG QBE 2-0 

imi vBaiLsbQrr-araiBBd aeubrimni DiedesNinirniiBi 
am aBltiDHi* it in Ht 5 !»ra!ileaiEvwlQitbnn»l uagrala 


With. aLL thE lines and center points in place, and. 
having carefully checked far accuracy, drLLl thE thiEE 
holes on thE dill] prees— 1L A" diameter for thE twe pivot 
holes and 3 /*" dlametErfnr the finger hole [Fig 2-9). Lastly, 
cut out the profile on the stroll saw. 


MAKING THE CONNECTING ROD 

B Take the Vs'-thlck piece af olive yauVe pat aside far 
the connecting red and mark It with a center line 
that rune in the direction of the grain. Mark the line with 
two centEr points that are 1W apart, and draw in all the 
lines that make np the design—thE two V*" circles and 
the a /n" width tc the rod. 


Ron the two centEr points through with a 
VV'-diameter drill bit, and then have a trLal fitting to 
link up the sector and thE crosEhead Joint (Fig 2-1Q). If 
need he, reduce the thickness and diameter of the bottom 
End of the red so tt is a good loose fit hetween the ears of 
the crosEhead [Fig 2-11). 


B Having cut theprofLle out on the scrnll saw, take a 
small, sharp knife and set to work whittling the 
straight part of the rad to a roundish Eectlnn. The best 
technique Is to set the circle Hue In wLth a stop-cut—on 
bath sldEE af the wood and at both ends—and then to 
carefully shoe thE blade into thE stop-cut so the waste 
falls away. If you work with a careful thumb-bracEd 
paring cut, you won't have any problems with the knife 
clipping [Fig 2-12). 
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S When you have rounded and slightly lowered tbe 
round section sc-the flat faces of the end circles 
stand slightly in relief, take a scrap- of sandpaper and rob 
down the knife-worked area to a smooth finish. 

□ Take thE tall, round-topped hackboard and mark, 
drill and cut the various holes- and the crosEhead 
pivot runner slot 



FIGDEF2-13 

Ciadt Du tarn over r«r flaws and hbuesIb 9. mi a lanaiat 
lace avruT rolta flaw Is bLirlen Iran vlaw. 

ASSEMBLY AND FINISHING 

B When yon have completed all the component parts 
that make up the project (Fig S-13J, then comes the 
fun of trying to get everything together so it works! 

O When yon are happy with the overall finish, glue and 
peg the low hackboard to thehaae so it's at right 
annlisa It's Important that everything is sgnare. 

Set the hackboard Ln place on the base, estahlLEh the 
position of the bracket, and fix the whole 'works 
together with a couple of W-diameter dowel pegs i;FLg 
£-14). Have thE pegs running through all threE layers of 
wood. While the W-dLameter dowel 1e at hand, fit the two 
pegs that limit the swing of the sector weight. 


3 


Sbde the end of the connecting rod Into the 
crosEhead Joint, push the dowel pivot In place, and 
check for a smooth, easy fit (Fig 3-1E). If need he. reduce 
the wood—on the rod end, in thE rod hole or in the |olnt— 
so the movement is smooth running. 



FIG DUE 2-14 


Tie toacftst Jewels msM b ns tlnitfi ill tine ctetniBlx Die 
Inchtind EltlntnckbDarfi HtbOut-dsas alksrHbesabt— 
we ririlLod a j /.'-r0atneh!J bind bnlelndu base lor tba [nnebrod, 



FIG DBF 2-1S 

&BttfcBC*autUi0r«l jiJ lelitiiltli place on Uie pub rad, 
mrl locate UcIivbI OitiE golie slot 
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FIGURE 2-JG 

5b t the joint in place on tap af the punch rod, and hold the two 
iugeih(r with a round toothpick dowel. 


B rush the punch dowel Into place in the bottom a I the 
joint, and drill and fit with a round toothpick that 
runs through the whole width ol the unit (Fly 2-IB). 


Take the sector and lower the wood at the back by 
about /in” so the circle of wood around the pivot 
stands out In relief—like an integral washer. Fit the sector 
on its pivot, and spend time easing and sanding until it 
swings with the minimum of friction i'Fig 2-17). 


D T.lse r dowel to link the top end of the connecting rod 
to the sector (Fig 2-1B) so the dowel is a Light fit in 
the sector hole and a loose easy fit in the rod end. 

O Fush the spacer and plate in place over the sector 
pivot, and test for fit and function (Fig 2-19). If all is 
well, you should he able ie Licfde the sector fmm aide to 
side in such a way that the punch rod joggles up and down 
in its bracket. 


O Whan you ars pleasah with the fit, finish and 

function, glue the whole works in place, rub down all 
the surfaces with a sheet of fine grade sandpaper, wipe 
the dust, and give the project a wipe with the teak oiL 


PROBLEM SOLVING 

■ If you like the idea ot this project but ivattr to change 
the design, it's important you resize that the relationship 
between the swing el the secid-r weight and the length of the 
cannecting nod is critical 

* If you decide to modify Hie desiun and are at all unsure 
about rite feasibility ol the design, it's best to make a 
working model. 



FIGURE 2-17 

(top 1b ft) Reduce the total thickness of the bach face by about 
Vu". Run a guideline around the edge, and ton i saw cut down 
Iota the face—betwEan Hie pivot circle arid tbe sector face sa the 
pivot nten will be left to act at a washer or distance piece. 

(rightj If you decide to clear tbe L A» ,P slice of waste on the band 
saw, then run a dowel through the pivot hole bo you have a sate 
handheld Having ran a ‘/V hole through tbe sector end lbe 
dowel pivot and fallowed through with a round toothpick, set the 
dowel pivot in place in the backboard hole. 



FIGURE 2-IS 

Link the connecting tod and 


the sector weight with a short 
length ot dowel so the dowel is 
a tight push lit in the sector 
and a loose essy lit in tbe rod. 



FIGURE 2-19 

Set the pints and spacer in 
place on the sector weight 
pivot, and adjust far an easy 
movement. 


srlal 
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PROJECT 3 


Cam and Fork Machine 


PROJECT BACKGROUND 

This machine is a joy to makE and a jay to watch. 

□ur dictionary describes a cam as being ‘'a rotating cyl¬ 
inder with an irregular profile attached tn a revolving shaft 
to give a reciprocating motion to a part connected to it." 
With our machine, the off center, or eccentrically mounted, 
disk is the cam, While the fork is the in-contact connectian 
that gives reciprocating motion. 

Whan the crank handle is turned—clockwise or 
counterclockwise—the cam revolves eccentrically on its 
fixed bearing, with the effect that the fork and control tod 
□ scillatE on the pi liar hearings. The inrk is fixed un the 
rod, while the rod is free to slide from side to side through 
the bearings. 


PROJECT OVERVIEW 

Have a look at the project picture (right), the working draw¬ 
ing (Fig 3-1A) and the templates (Fig 3-lB!u and note that 
the disk cam is pin fixed tn a shaft in such a way that its 
movement is off-center. Cunstder carefully how, when the 
contained off-center disk cam turns, the fork has no option 
but to track and follow the cam profile. 

Although the design is pretty flexible—inasmuch as 
lb cm is no reason you can't chop and change various wood 
thicknesses and dowel si 2 es to suit your needs—the size oi 
the disk cam, the distance between the fork prongs, and the 
distance between the side af the fork and the support stan¬ 
chions are all critical. That said, if you have a notion to 
change weed sizes, it r s best to sort out potential problems 
by making a cardboard-and-pins prototype. 
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CAM AND FORK MACHINE WORKING DRAWING 
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CUTTING LIST 

A Stans]] tans 1 * 3 * E tulip 


Or pillars 


B 

Fork 

Vi * 3'A * 4 mahogany 

D 

Disk cam 

Vb *2*2 mahogany 

D 

Cam post 

Vi ■ 1 - 3 pitch pine 

E 

Drank 

*1* f/h mahogany 


Base 

1 - 5 : /a * T/t tulip 


Drank handle and 

aud-of-rad pills 

1*1*6 mahogany 


Rods 

34"— Vb 11 dowel 

CHOOSING YOUH WOOD 


This is one of those pro]sets where you might—if you are 
pressed—reduce wood thickness tu suit y r ni_ir stuck Cry Our 
wallet. For example, the ha.se and the stanchions could he a 
hit thinner—say VV f instead of I"—while the fittings could 
be worked from off cuts. 

We chose to use mahogany lor the cam, fork, crank, 
crank handle and rad-end pills, and North American tulip 
for the base, stanchions, and one or two bits and places. 



FIGURE 3-2 

When using the scroll saw, control Che rate ol feed so the blade is 
always presented With the Hat bi next cut. If the cut is ragged, the 
blade is loo slack or the wood is ton moist. If the wood is scorched, 
the blade needs changing or you are working at the wrong pace. 

□ Having double-checked from pillar to pillar that the 
circle center points., meaning the points that mark 
the ceniEr of the rod hole, are the same distance up from 
the baseline, use the scroll saw to cut out the two identical 
farms (Fig 3-2). 


MAKING THE BASE 

□ Take the piece of F'-thick tulip wood— the piece 
far the base—and with the grain running along 
tho length, use the pencil, ruler and square to mark it 

at T * 5". 


O Sel the compasses/divldeis to /a" radius, and scribe 
out the i" diameter circles that make up the design 
of the earner curves (Fig 3-1A). Use tho tools of your 
choice to cut the weed to shape and size. 



When you have cut the base to size, use the graded 
sandpapers to rub down all faces and edges to a 


Smooth finish. Fay particular attention to the top facn and 


edges, and then pencil mark the underside. 


MAKING THE STANCHION PILLAH5 

n Draw the shape of the stanchions to size on the 
work-out paper, and then— being mindful that the 
grain must run from top to toe use the pencil, ruler and 
compasses ta mark tha image on your ebasen wood. 

He peat the procedure so you have two identical images, 


□ With the cutout securely clamped flat on the work 
surface, lake the A" U-seclion curving gouge and 
lower the top- of-stanchion “lugs," or ear-like protrusions, 
by about '/Y'. Do this with both jugs on bath faces, so when 
seen in edge-on view the wood curves down from the face 
to a thickness of about ] / E " (Figs 3-3 and 3-LA), 



FIGURE 3-3 

With the waikpiEEB secured flat on the work surface—with a 
clamp or uji against a bench step —use tho U-BBctian gouge ta 


carve the scooped shape of the side lugs. 
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FIGURE 3-4 

With tbe wcrkpicec supported our a waster to prevent eiit 
damage, bare out the Vt" bearing hnla and the Vt 1 ' blind hale. 
Note; wu have rem overt the clamp in r the pho to graph. 

□ WhEn you have carved the lugs to shnpB so thE 

circle at the tnp of thE stanchion looks to bs standing 
slightly forward, uae the pillar drill arid the Forstner bits 
to bore out a '■/*" diameter rod hearing hole and the 
decorative W'-diameterhbnd hole. Aim Tor a blind hole 
at about J A'' deep (Fig 3-4). 

0 Take your tine-grade sandpaper and bring all 
the edges to good order. Aim for edges that are 
slightly rounded. 

□ When the lima comes to sink the decorative cut 
that runs around the top ol the stanchion, firmly 
brace the workpiece against the bench honk, and use 
the ime- toot had saw to sink the cuts to a depth ol about 
W (Fig 3-5). 



FIGUHE 3-6 

Clamp the workpiece between a couple of steel block* SO It lo 
spars with the surface and the drill bit, and run tha lugs through 
with the W-diamotat bit. Mote: If you like wood work, you enn't 
do better then set yourself up with a goad selection of clamps. 

Wo have pinccr action clamps for email work, toggle clomps for 
machine hold-downs, and so on. 



FIGURE 3-5 

firmly but I the workpiece against the bench hack, adjust the 
angle ol cut so the saw runs against the side cl the book, and 
then sink the cut to a depth ol about Vs", 


Having drilled the two face holes, then comes the 
tricky task of drilling the lug and foot holes. I say 
tricky because, with both the lug and the loot, the holes 
need to be run into a curved face. When you come to drill 
the lug hole—and bearing in mind that the dull bit will try 
to push the curved surface to one side -first set the 


workpiece square between a couple of heavy blocks, and 
then hold it in place with a good clamp. This done, run 
the Vi"-diameter hole through the thickness of the lug 


(Fig 3-6). 


O Tc drill tho W-dio meter foot hole, sef the workpiece 
on a stack oi scrap so the hole is angled in toward 
center. Use a long, shanked hit so as to avoid contact 
between the chuck and the top oi the pillar (Fig 3-7). 
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FIGURE 3-7 

Make a simpIc wcrlye-nml-stop jig to help you hold, and support 
the Hurkpiscu while the hole is hain.fr drilled. 


MAKING THE CAM POST 


meaning the parts you turn, are made up of a fixed post, 
crank, crank handle, crank handle pin, or pivot, washer tn 
distance the crank from the post, disk cam and pivot rod, 


Have a look at the working drawing (Fig 3 1A)and 
templates (rig 3-ID), and sac that the coni rats. 


H L'Iark the size and shape ui the past unyuur chosen 
wood—we use tulip wood—double-check the 
dimensions, and then cut out the curved-top front view 
on the scroll saw. 


Mark Lhu position u! the pivot rod hole, and run St 
through with the A" diameter drill bit, It's important 
that the hate and the bottom of tho halo ore both square 
and true with the base, so aim to get it right the first 
rime around. 



FIGURE 3-B 

When you have cut out tho Little post in (tent view and drilled 
the red hale, dinw out the curved-feat, side-view design, end 
complete the cut an the scroll. 


TURNING THE HANDLE, 
PIVOT PIN AND ROD PILLS 


■■ Take the length of square section mahogany, 

B£-l establish the end center points by drawing crossed 
diagonals, and set it securely on the lathe. 


Having made sure you and the lathe are in good, sale 
order, swiftly turn down the piece of mahogany to 
the largEsl possible diameter. 


O Usc tho dividers to mark all the stop-offs that make 
up the design. Working from ieit to right along the 
turning, allow a small amount for headstock waste—either 
iur the chuuk or iur parting oil—ah out W lor the handle 
pivot head, 3 A" for the pivot, 2" for the handle, 1" for one 
pill, V* m for waste, 1" for tho other pill, and a small amount 
fortailstock waste (Fig 3-9A), 


Q Draw in the J, feet' h —as seen in side view—and then 
cut them out on the scroll saw (Fag 3-B). 



FIGURE 3-BA 

Uee the dividers Id mark tho 
cylinder with all the itcp-o(fs 
that make up the design. 
Working train left tn light 
along tkl workpiece, allow V," 
for chuck, L /V" for the 
mushroom head, */*" (ortho 
pivot shank, £" for the handle,. 
1" for tho first pill, W for 
waste, l 14 f or the second pill, 
and a fin ai small am cunt 
lor waste. 
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FIGURE 3-3B 

Use the carpets to chock the diameters against the working 
drawings. Hate: ii you are working with a limited number nf drill 
bit sixes, lie sure to adjust the width at the pivot shank to suit 
your chosen hit diameter. 


D Having first removed, the bulk of the wasto r use tbR 
round-nosed gouge and Hie skew chisel to turn 
down the wood to shape and size. Make repeated checks 
with the calipers (Tig 3-9E). 

□ Turn and sand the string of turnings to n good finish, 
and carefully part oil from the lathe. 

MAXING THE CRANK, HANDLE AND CAM 

□ Take a : A"- thick piece ot mahogany off cut and use a 
pencil, ruler and pair of compasses to draw the 
shape cl the crank and the little washer spacer. Plan on 
the crank being about L" between centers (Fig 3-IB). 

B Witli ah the lines of the design clearly established, 
first run l /4'-diameter holes through the crank and 
the spacer, and then use the scroll saw to cut out the 
shapes. While the drill is convenient, run a bole into the 
turned handle to a depth and size to suit your turned 
mushroom headed peg. 



When you make the disk cam r you can either cut it 
nut with a small saw nr turn it an the lathe, as Inag 


as it is 1W in diameter, about W thick, and as near as 
possible to a perfect circle. 


When you have what you consider is a good disk - 
nicely sanded to □ smooth finish—run it through 
with a Vi"-diameter shaft hole, and then have a trial 
fitting (Fig 3-ID). 


4 



FIGURE 3-10 

Have a trial fitting to make sii-rc ail the centre! column parts 
came together far a smooth-working fit. 


■■■ If you have followed our directions to the l etter, you 
■Hh Will heed to adjust selected hales u: parts u! the 
dowel shaft to achieve a suitable tit. For example, the 
handle peg needs to be .a tight fit in tltie handle and a loose 
fit through the crank. Then again, the dowel shaft needs to 
he a tight lit in the crank and disk cam, whilu being a 
loose easy fit through the little stanchion (Fig 3-11). Play 
around with the fit until yon get it right, 



FIGURE 3-11 

II used be, sand th□ holes ox dowels to achieve an appropriate fit 
The little pivot needs to he a loose lit thtongh the shank and a 
tight push fit in the handle. 

MAXING THE FORKED FOLLOWER 

□ If you have a look at the working drawing (Tig 3-1 A) 
and templates (Fig 3-1B), you will see that the forked 
fa Power, or frame, is cut from 3 /+'"-thick wood, with the 
grain running from top to bottom and the inside lork width 
being the sstor as the diameter nf the disk cam. 


dial 
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□ Having drawn Hie frame un your piece ot prepared 
wood, give it a good checking over just to make sure 
you haven't made any mesa-ups, and then carefully fret 
out the frame on the scroll saw. 


II you lake it at an easy pace, ail the while being 
ready to pull back if the blade snatches, the cut 
face will be so smooth it will only require the minimum 
of sanding. 


WfU Take the cutout and carefully draw diagonals to 
mm establish the position of the through-top rod, or 
shaft, hole. 



FIGURE 3-ia 


Dr i Hi nil the rod hale through the top of the forked frame is slightly 
tricky inasmuch ns while the hale needs ta run square and true, 
moat drill bits are too short. A good method is tn establish the 
cantor points tar the hales, clomp the workpiece ta a square iron 
block, and then run the betas through from both sides. 


O Hdld the workpiece secure with blocks and a clamp 
so the hole is going to be well placed and true, and 
run it through with a long, shanked V” bit (Fig 3-13). If 
your hit isn't long enough, turn the whole works around, 
and drill it through from The other side. 

ASSEMBLY AND FINISHING 

□ When you have completed all the component parts 
that make up the design, then comes the exciting 
but finger-twisting task of putting everything together. 
You should have ten primary parts in all: the base, two 
stanchions, disk cam post, disk cam, washer, crank, 
handle, handle pin, two end-of-rod pills, or slops, and u 
whole heap of dowels cut to size (Fig 3-13], 


H Bel ore you do much else, take the line st-grade 
sandpaper and rub down all faces, edges and 
Corners to a Smooth finish. Give all the surfaces—barring 
the mating faces that are to be glued—a swift rubdown 
with □ small amount of teak oil. 


Having cut ah the rods and dowels to length, spend 
time rubbing them down with a scrap of sandpaper 
so they arc an appropriate fit and ah tha on-view ands ara 
nicely rounded. Have all the ends standing slightly 
forward by about W'-Vu". 


| | When you have generally brought everything to 

8LJI good order, start tha fitting by pegging and adjusting 
the three posts. 



FIGURE 3-13 

Whan you have completed 
all the component parts that 
tuaks up tha piUrflct, check 
all the measurements against 
the working drawing and 
temp ta le design, and then 
sand all tha surfaces dawn 
ta B goad, smooth finish. 
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FIGURE 3-14 

Align the three pasts sd they are true, and fix with the pegs. 


Glue, peg and fit the disk cam, crank and handle, and 
carefully adjust one with anatlicr sa they arc square 
and perfectly aligned (Fig 3-14). 

H Slide the forked follower on Its rod, and peg or glue. 

Slip the ends of the rads through the hearings so the 
furk straddles the disk cam (Fig 3-15). 



FIGURE 3-15 

Slide the forked frame aver the cam, and fit the other past Kate 
haw the top uf the frame has been rounded. 



FIGURE 3-IB 

When you've finally put the whale machine togcthcr, spend time 
making sure all components are square and true to each other. 


With all the parts variously glued or pegged in place, 
test far squareness, make sure the machine works, 
and then put it to one side until the glue is set (Fig 3-16). 
Finally, give the whale works aaathcr rub dawn with the 
teak oil, and then the tun can begin: 

PROBLEM SOLVING 

- If you like the idea of this project but want to change the 
design, no prohEern, as long as you. make sure the cam and 
fork are compatible. 

* Having made the project, GDI thinks the base and thc- 
stanchions would look even better IE they were cut tram 
slightly thinner wood. That said, I like the thicknoss si the 
wood, hut I am not so keen about its color anil texture. 

«■ Tf you want tn make flip project bnr can't get use of a Igthp. 

□ettlE far making the crank handle from a shop-bought dowel. 

* As tite distance between the side ends oi she forked (ollowei 
and the inside faces at the stands is critical—the machine 
won't work unless it's light—make sure everything is smooth 
running hsfnrp yon glue up. 
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PROJECT 4 


In-the-Round Combustion Engine 


PROJECT BACKGROUND 

Although lhe in-the-round combustion machine is in es¬ 
sence much like the reciprocating machine* as shown in 
project G, it is in many ways ait the more exciting in that it 
can—tike a piece el sculpture-be seen and enjoyed horn 
ail angles. The turn-handle movement attractively illus 
hates how the up-and-down operation of a piston is con¬ 
verted* byway ot a crank, into rotary motion (right), 

PROJECT OVERVIEW 

Have a look at the working drawing (Fig 4 l) and the tern 
plates (Fg 4-2), and see that ai a grid scale of two squares 


to r, the machine stands almost 12" high and over B” wide 
across the spon of iha drive shaEt. Consider that the greater 
part ai the machine Is made up oi three beautifully com¬ 
plex turnings: the hase, which is drilled and hollow turned; 
the quatrefuii top, which is both drilled and fretted hallway 
through the turning stage; and the cylinder, which is turned, 
drlhod and then sawn. 

Though the project is challenging* a lot of the tricky 
procedures relate not sd much to your skill level. hut tD 
your equipment, Modify the stages to fit your tool kit. DK, 
so it might take a lot longer, but then the pleasure is 
in the doing! 
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IN'THEROUND COMBUSTION ENGINE WORKING DRAWING 



FIGURE 4-1 

At a grid scale of two squaiea 
to 1", the machine stands 
Almost isr high nnd obem 
6" wide across the diameter 
ol the- base. 
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IN-THE-ROUND COMBUSTION ENGINE TEMPLATES 



FIGURE 4-3 

The scale is tw □ gnd s yuare s 
to 1". Hate that wc have only 
shewn what we ceuside* ere 
the mast difficult-ta-visualize 
vLiWl. 

A Ease. 

E Toy. 
c FlStDU, 

D PislDiL/cannactlng julI 
e Crankshaft hearings [3j. 

P Crank plates. 
g Handle crank. 

H Knot. 


WIsUniissiDnsfDrrelaaseonM 
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CUTTING LIST 


A. 

Bass 

S n 7 y 7 sasy-ta-tum bench 

B 

Top 

2*7*7 easy-ta-turn tulip 

C 

Piston 

2 l /e * 2 ; /e * G beech 

D 

Piston rod 

IV t * V/z * 5 beEch 

E 

crankshaft bearings 

1*3'/: <Gmahogany 


(2} 


F 

Crank plates 

Va * 3 * 7 cherry 

G 

Handle crank 

3 /u * m * 2Vi 

H 

Knot 

2"— W dowel 


Stand rods and shaft 

60"— Ve h dowel 



CHOOSING YOUR WOOD 

This is cine of those projects where the choice of wood is 
all important; it r s got Lo ha just right. Yke have chosen 
European beech for the piston and base, because it's easy 
to turn anti yet strong across the short grain, and tulip tor 
the top, because it's both easy to turn end easy to work on 
the scroll saw. 

MAKING THE ENGINE CASE AND BASE 

■■ Have a good, long look at the working drawing 
mm (Fig 4-1) and, templates (Fig 4-2), and see that the 
guatrefeil component at the top ul the engine— we cal] it 
the engine or piston case—is both turned on the lathe 
and worked with the saw and drill. Nete also the shape 
of the base. 


□ Take the 2 "-thick slabs ui tulip and hx the center 
point by drawing crossed diagonals, 


Mark the slab with a GW-diameter circle, Cut away 
the waste on rhs scroll saw ot band saw. Screw the 
resultant disk on the G” faceplate using short, tat screws. 


3 


With the tool rest sot over the bod of the lathE, turn 
down the wood to a smooth 6''-diameter disk and 
trua up the face. 


4 


Use the dividers to mark the disk with a 2 1 / 2 r ’- 
diameter circle, and then turn down the waste so the 
2W 1 circle stands up as a Va H -high plateau (Fig 4-3). 


Mount the drill chuck on the tails lock, lit the IVh* 
Forstner hit, and run a hole through the center of the 
plateau (Fig 4-4A). 



HGUHE 4-3 

Mount the blank an the IhUlb, and turn dawn the edge and profile. 
See baw I ugb a round-nosed scraper Jar the inside curve. 


□ Mark the lowered area with a cdUple of guideline 
circles, one at aboutfrom the edge, for the 
postholes, and one about ;: /V' outside the plateau, tor the 
profile line. 


O Having first nibbed down the turning to a smooth 

finish, take if off the lathe—off the facsplate— and set 
to work on the turned lace of the wood, drawing in ail the 
lines that make up the guatrefoil design. Pencil label the 
turned face "Pattern,'' fix the position ol the lour postholes 
on the guideline circle—at 9Q a intervals—and establish 
tho shape of the cross- arms. Make the arms about FA" 
wide and all the corners and angles nicely rounded 
(Figs 4-1 and 4-2 top), 



FIGURE 4-4A 

G □ r e nut the piston hole with a PnratuBT bit. Advance end retreat 
with tho tail-stack sn as not tc burn or clog the hit. 
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FIGURE 4-4B 

Raving drawn Hie quatrefail profile, use the scroll saw to clear 
the waste. Have the wnrfcpiecc flat on the cutting table sc the cut 
(aces are at right aaiyles to tbe wprJtipg fics. 


Run the wholes through with the YY-diameter drill 
hit. and cut tho quotrefod profile out cm the scroll 
saw (Fig 4-4B), 


When you have completed the cross—all drilled and 
cut—mount it on the expanding jaws option of the 
chuck, and sot to work turning down what will hs tho “top" 
face (Fig 4-S). 1 used the small, round-nosed gouge and 
the round-nosed scraper. 


10 


; - Rub down the whole works with the fine-grade 
I ^ sandpaper. Do one tace of the turning, then turn it 
a vet on the chuck and do the other face, If you rub down 
one face as it points toward the had of the lathe plus rha 
dilfi cult-to- reach lace between the whole piece and the 
chuck* you will find that the change of direction ensures 
that all the edges are well rounded. 



FIGURE 4-5 

With Ulb workpiece held securely an the expanding jaws of the 
chuck* USB a round-no serf tool to turn dawn what will be tbs 
uiidE rsi de of lie casing. G a at it pica and easy, all the while being 
mindful that this is a stage that needs tu ha worked with extreme 
care and caution. 



FIGURE 4-G 

Turn nut the base hole until the neck of tb# top casing is a nice 
slide fit. 


Having achieved a well-turned and finished 
component, redo the same procedures and turn the 
beech wood base. That is to say, turn down the wood to a 
G'A' r disk and run a IVY borehole through the disk. 

Turn down the top-of-foasc profile so tho underside 
rim of the cross is a neat lit in the hole (Fig 4-6), 


13 


12 


Take the whole works off the lathe—tho turning an 
ttie lace plate—set the cross component in place so 
the cross plateau is in the hole* and then use the four holes 
on the cross to drill four matching holes through the base 
(Fig 4-7). 



Finally* remount the base on the lathe and drill, and 
turn the profile in much tbe same way as already 
described. Check your turning against the working 
drawing (Fig 4-1 bottom), 
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FIGURE 4-7 

With the base still screwed to the faceplate, end using the 
mint ref oil casing as a pilot guide, bora ant the four postholes. 


MAKING THE CRANKSHAFT BEARINGS 

piece ol mahogany and use the pencil ruler, square and. 
compasses ro mark the design as seen in side view. 


D When you have studied the working drawing |Fig 4-1) 
so you know what you arc doing, take the F-thick 


O With all the lines in place, and having first 

established the exact position of the various holes— 
both the hearing holes and the postholes-^hare the holes 
□ut with the Vs "-diameter bit. Be careful when you run the 
pestholes down through the 1" thickness ul the wood; he 
sure they are well aligned and true, 



Take the wood, all marked and drilled, and fret out 
the two side-view profiles (Fig4-B). 


Q Mark the plan-view imagery on the newly revealed 
cut faces, and then begin shaping and sculpting 
with the scroll saw, knite and tube rasp (Fig 4-9]. 


H Continue whittling, rasping and sanding until you 
have two well-matched forms (Fig 4 TO). 


MAKING THE CRANK 
AND CONNECTING ROD 

D Have a look at the working drawing (Fig 4-1), 

templates (Fig 4-3) and the various photographs, 
and see that the crank is achieved hy having two identical 
plates and offset dowels 



FIGURE 4-fl 

Sec haw the postholes run through ths thickness of the- wood. 



FIGURE 4-9 

□sb the hnife, rasp and sandpaper to whittle the crankshaft 
bearing! to shape, eq careful net to force the blade at the 
relatively fragile short-grained areas, 



FIGURE 4-10 

Hava repeated fittings unlit the components coins together lor a 
good lit. 


□ Cut the Vs' 1 -thick cherry into two crank-sized pieces, 
draw the imagery out on one of the pieces, and then 
iix them together with a single pin at er>e corner. Keep the 
pin out of the design area. 
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FIGURE 4-11 

Fitting the single pin and two dowels at the presaw stage ensures 
that the two crank plates are identical mirror-image cutouts. 

Dare and ddwel plug the two '/V'-dianieLer shaft 
holes right through hath pieces of wood, first one 
hole and then the other. Use lengths of scrap dowel 

□ With the hales in place, begin frEtting out the crank 
shape on the scroll saw. Work at a steady, even pace, 
alt the while fan-ding the wand info the hinda sn tha linn of 
cut is a little to the waste side ot the drawn line (Fig 4-ll), 

H Having first drawn the shape uf the connecting 
rocl on the 1"-thick beech and variously fixed the 
position of the rod hales, fret out the connecting rad 
profile as drawn (Fig 4-12}. 

Draw the side-view imagery uf the rud on Lhe sawn 
face, mark in the waste, and then slice it off on the 
□aw (Fig 4-L3). 


FIGURE 4-13 

Slice away tbs caimacting rad wsst e— as seen in tup view. 

□ Use tha knife and racp tn shape rha connecting rnd. 

Take your small, sharp knife and whittle the straight 
part of the rod to a roundish section, The best technique is 
to act the circle lines of tha ends in with a stop-cut an bath 
sides of the wood and at both ends and then to carefully 
□lice the blade into the stop-cut sa ths waste falls away. 

0 When you have shaped and lowered the round 
sect inn su the flat trices oE the end c 5 roles stand 
somewhat in relief, take a scrap of sandpaper and. 
generally mb down the whole workpiece to a smooth, 
slightly round edged finish. 

When you have finished fretting and shaping the 

conn ec ting rod, and drillsd aut the two hoEE 3 ., go 

hack to the crank plates and wedge the l /a" shaft dowels In 
place (Fig 4-14.1. The dowels have to run true, so spend 
time making sure Everything Is aligned. 

MAKING THE PISTON 

Bel your chosen square section length of wood on 
tha lathe, and use the large gouge to swiftly turn 
dawn the wood to a diameter of l-A". IE ah is correct, T'A" 
will he slightly larger than the hole that runs through the 
Cross-shaped unit at the top nf the engine. 







FIGURE 4-14 

Slot and wad^B the drive shaft stubs into tho crank plats. Don't 
glue at this stage. 


FIGURE 4-IE 

While you are busy at tbo scroll saw, you might as woll frot out 
the connecting rod and crank handle, 



ii tin 
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FIGURE 4-25 

When you think the piston turning la to sise, wind hack the tall* 
tack and have a trial lifting. 



FIGURE 4-2G 


Aim for a nice, smooth-sliding lit. 


□ This dorrs—and having first set the calipers to the 
exact diameter of the crosspiece hole—take the 
skew chisel and turn down the piston so it is an easy slide 
tit in the case hale. The best procedure is to carefully draw 
the taiistock out of the way and their to try the cross 
casing on for size (Figs 4-15 and 4- IS). 



Fit the taiistock drill chuck on the lathe, and use the 
P/V'-diameter bit to run a hole dawn inta the 


cylinder (Fig 4-17). 


Push the piston through the sc toll saw—or you 
might prefer to use a handsaw—and take an angled 
□lice from each side (Figs 4-13 and 4-2). 

Run a pencil guideline up, down and around the 
piston, and drill out the W'-diameter pinhole- 
through erne side and out the other. It might he a good idee 
to pEug the center of the pistun with a length el waste to 
minimize exit damage. 
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4 



FIGURE 4-17 

Osd the taiistock drill chuck to here out the piston waste. 
Advance cautiously so as not to knock tbs workpiece off-center. 



FIGURE 4-IS 

Slice the sides away from the bottom of the piston pot, and sand 
them to a smooth finish. 



FIGURE 4-1S 

Have a trial fitting of the connecting rod small end in the piston. 
Tbs pin needs to bs a tight Eit in tbs piston and a loose fit through 
the small end. 



Have a trial iitling uf the small end el the connecting 
rod in the piston (Fig 443), 
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FIG DUE 4-20 

Set tit Bl die CDUpOIBII 
parts, -EturL checfc this *ver to 
DUKfl STUB Y*n tUTSDt ]C0de 
aVFSBmpL 


ASSEMBLY AND FINISHING 

When you have before you all the component parts 
that make up the project (Fig 4-2Q), then cditibe the 
difficult task of putting the machine together. 


Start by fitting the small end of the connecting rod 
in the piston Aim for a tight fit of the pin through the 
sides of the piston and a loose fit of the pin through the 
Email end. If need he, rub out selected holEE or parts of the 
pm until everything flt&]UEt right [Ftps 4-21 and 4-22). 

When you are happy with the fit of the small end in 
the piston, take the two crank plates—complete with 
their lengths of drive shaft dowel—and Link them with a 
short Length of dowel that runs through the big end 
hearing at the end of the connecting rod. Make the rod 
about 2‘ long (Fig 4-23). Don't glue at this stage. 


3 



Dne place at a time, fit the piston Ln the cross- 
shaped casing, set the crankshaft hearings In place 
on the dowel ends (Fig 4-24), and set the pair of bearings 
on the four support dowels (Fig 4-25). Fit little pegs tn 
hold the various components at the correct height. 



Continue fitting and sanding and generally easing 
until the whole machine comes together. 



FIG DUE 4^21 

Pass UiesMrrtLeQga Dl craok itowsl nroagl aeNflmi md 
clack lor an easy, wEll-allipLErt nr. 


48 IN-THE-BOOHD CQMHUST1DM ENGINE 


Copyrighted Material 







































Copyrighted Material 


Finally, wipe all nonglued aurfacEE with ths teat all 
glue, clamp, burnlEh. the machine to a dull sheen 
finish, and... hurrah—everything lEflniEhad and ready 
ter showing! 



FIGDBE 4-22 

nt t be crack glaba u tkffe la a small spin klw«i iks plats 
and flu Oat lace of die ■■ and. 



FIGDBE 4r23 

TlflinBk pimi uad it bams perfect lAbror -bvag* auainait. 



FIGDBE 4-24 

Fft. c batik ami DiSrG the c ramrsltart bearmp. 



FIGDBE 4*25 

Sat Ibactuponair parts in mace «■ tkapoah andbtld tliaoili 
PoalOtiwRlsiiD jnia 

PROBLEM SOLVING 

' n juu l!j™ ttiE Ilea od Oils project tint want In change the 
design, ie mindful that It's- not so easy tn jeaeslan a single 
element In Isolation. This being so, we vmuld. always advlsE 
Chat you make a prototype. 

a Any time yc si are tide ring v. Kl, ll’s always a goad Idea 
to a:t for ward that Is veil seasoned and dry, tut It's all the 
more Important when you are mdelng vrool lor tunUng. 

1 warning: dttlng die cram plates to the dhie Shaft stubs Ls 
difficult—tna sort cl task that requires a lot el tints, a int or 
pitlenc-e, ana net too much glue! 
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PROJECT 5 


Ward Lock and Key 


PROJECT BACKGHOUND 

When I was a kid—I must have been about seven years 
old—I was absolutely fascinated by locks and keys, As I 
remsmbar, I spent a gnod deal nf my time collecting keys, 
mending lucks, and generally showing friends and family 
just how easy it was to escape from a locked room, 

Mast dE us are literally surrounded by lucks; we can 
hardly move without first finding our keys, Yet, few of us 
know hew locks work. The gnnd news is tmr Simula wavd- 
and-tmnhler locking machine illustrates aii the essentials 
of the archetypal locking mechanism. There is a key, a ward 
to block the passage al the wrong key, a sliding latch plate, 
and a tumbler that holds the latch In place In action, the 
shaped key is pivoted past the blocking ward knab, with 
the effect that, m its turning, it lifts the tumbler out of the 
way and pushes the latch forward (right). So there you gn. 
11 ymi want in fuiow a little mure about une uf uur must 
common mechanisms, now's your chance. 


MAKING WOODEN MECHANICAL 
MODELS PROJECT OVERVIEW 

Have a look at the working drawing (Fig 5-1) and the tem¬ 
plates (Fig 5-2), and sae that the jacking machine: stands 
about G" high with a base slab at B" Jong and 4 J /s* wide. 
Note that we have reduced the workings, meaning the 
number uf moving parts, Lu a minimum in an attempt, as it 
were, to show the “bones," Of course, most ward locks have 
a number of springs that bear dawn on a serins nf tumblers, 
but in the context of our machine we feel that a single 
heavy tumbler Jailing down under its own weight is enough 
to demonstrate the basm principle. 

Consider how the cavity has been constructed by set¬ 
ting a fretted frant plate against □ solid hack plate. As for 
the overall design, we have consciously gone for a solid, 
sasy-to-make, good-to hold structure. AH in all, we have 
kept the fixings to a minimum so everything is in view. 



hi HU 


SO WAR D LOCK A N D KEY 
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WARD LOCK AND KEY WORKING DRAWING 



figure; 5-1 

The finished machine stands 
about 6" high and about 
salons. 

(tup) Latch plate and tumble! 
At a scale d( four grid sguates 
to 1", 

(bottom) Views and saction at 
a scale of twc square* to 1", 
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WARD LOCK AND KEY TEMPLATES 



figure; e-2 

The scaln is lniir grid squares 
to 1". With a project □! this 
character—whets success 
might binge an the width af a 
saw cut or the placing of a 
dowel bale—you roust take it 
that these prattles ere only 
broad guides. 
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CUTTING UST 


A 

Box front 

V a * 5 * G oak 


El ox back 

Vb k 5 K 6 oak 

B 

Tumbler 

L /i * l'A * £ maple 

D 

Latch plate 

Vs * 3‘A * B J /i maple 

D 

Key 

L /s * &■/< * SV-i cherry 


Base 

Vp k 4'/ k 3 oak 


Pivots 

Vi" da wel 


Decorative pins 

13 H —W dark wood dowel 


Fixing pins 

round Toothpicks 



H Vifith. yuur workshop an good order, and When you are 
clear in your own mind as to the procedures, take the 
three slabs of wood—for the base and the hex—and use a 
pencil, ruler and pair of compasses to mark the design, 
Mark the base with tbs corner radius curves and tbs front 
box slab with the single corner curve and interior shape 
that needs to he cut away. 


■■■ Having first pinned the two hox slabs together so 
yen, have rbnm os if they were a sing] a el ah nearly 2' 
thick, move to the soroli saw and carefully cut out the 
single radius curve, While you are working on the 
machine, cut the four curves that make up the base. 


CHOOSING YOUR WOOD 

As this Is a project that is best made Irom a hard, straight- 
grained wood, we have gone for oak for the hox and 
basE and maple for the moving parts: the sliding iatch and 
tumbler. 


Take tbs two-layer box slab, case tbo layers apart, 
partially withdraw the pins so the points are out of 
harm's way, and Then cut away the central area of waste so 
you are left with the profile That makes up The Irani ai the 
hox (Fig 5-3). 
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MAKING THE BOX AND BASE 

Have a goad, long look at the working drawing (Fig 
5-1) and templates (Fig 5-3), and see that the main 
structure is made up of three pieces nf wood; a single slab 
tor the base and two glued and pinned slabs lor the box. 


□ Align and repin the two box slabs, and run the 

various bales through With drill bits af a size to fit 
your dowel (Fig 5-41. 

□ Finally, take the two slabs that make up the box, set 
them on the base slab, and mark in the position of 
the tbrEe fixing dowels, meaning the three dowels that I lx 
the box to the base. 




FIGURE 5-3 

Having Cut the two Slabs of wood to the same shape, tret out the 
front slab la malts the latch box cavity. 



FIGURE 5 4 

Drill OUt all the primnry holes, and have a trial Titling of the ban 
la the base slab. 
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MAKING AND FITTING 
THE LATCH PLATE 

Take the trant-af-bax cutout, set it an the VV'-thick 
maple—like a template—and use a pencil to transfer 
the imagery. 

□ Having drawn the shape of the sliding latch plate to 
□ Lzc and made a good tracing, use the tracing to 
press transfer the drawn image through to the box shape 
you've marked on the map-R (Fig 5-5), 

If you have a close- up look at the photograph—in 
this and many other projects—you will perhaps 
wander at there hemg a great number of differences 
between our initio] prototype drawings, as scan cn rbo 
tracing paper, and the actual workpiece. The project 
changes a hit as we work on it, If you have a notion that 
such and such a shape or way ui working is the best way, 
then that is the best way for you. 

□ With the shape of the latch plate clearly marked 
within the shape uE the box, and having made 
adjustments to allow for easy movement, fix the position 
of the various holes and pilot piercing within the plate, 
and run them through with the W drill hit (Fig 5-5). 

When you leel all is correct, ireL uut the latch plate 
on the scroll saw. Don't bother at this stage to cut the 
fine details; just go for the main profile. 

□ With the plats partially cut out, wipe the Rdges with 
a line-grade sandpaper tu remove any rough edges 
that might get in the way, and have a trial fitting in the 
lock box (Fig 5-E). The latch plate should slide neatly 
backward and forward without sticking or racking. 

MAKING THE KEY AND 
TUMBLER MECHANISM 

When you have completed the basic sliding latch 
prof ile and have succeeded in gotiing it to slide 
smoothly in the box, then comes the not-so-easy business 
of fitting the key and tumbler. Start by looking at the 
working drawing (Fig 5-L) and templates (Fig 5-S), and 
seeing that the key needs to he cut and worked so the end- 
□ f-key profile, or ward, is able to pass over a ward stud 
that is set in the body ol the box, 



FIGURE 5-5 

Having transferred the shape of the ha* cavity through to the 
W-'tbich wuod, set to work transferring and modifying the latch 
profile to ensure a smooth-sliding lit. 



FIGURE 5-G 

Fret out the Intch plate, end try it out far size. If it 1 * tcc tight, it 
won’t move, and if it's too loose, it twists and gets stuck—so qo 
at it slowly. 
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FIGURE 5-7 


Cut out Use hey shape an the drill and scroll saw, and whittle the 
stalk eo it's an eosy-tv-turn fit in the V/'-riiamctDr boa hale. 


H Having first cut out the basic shape of the key 

blank (Fig 5 7), whittle the stem to a round section 
ao it fits in the keyhole, and shape the leading edge >sf the 
hey (Fig 5-8) sd, when it is turned, it catches the notched 
underside nf the latch plats, with the effect that the latch 
slides forward. 


O TIie Lriek te lit ting the kEy js to trim hack little by 
little, stop and have a fitting, trim back some more 
and so on (Fig 5-3) until the movement is just right. 

□ When you have cut the key tn a good fit, then comes 
tha frustrating task el fitting the tumbler. II you luuk 
at the mechanism (Fig 5-10), you will see that the little, 
□hnpe-d profile of the tumbler has two dowels: the Dnc on 
the far right, which is the pivot, and the one at top center, 
which is a png or knob. In action, the turning key catches 
and lilts the curved underside of the tumbler, with the 
effect that it swings up on its pivot. And, of course, as 
the tumbler rises, the peg is lifted out of the notch on 
the top edge of the latch, and the turning key goes on to 
move the latch. 


Once again, you might well have to cut two or three 
tumhior plates and play around with the position ol 
the pivot hole and. the shape of the underside curve before 
you got it just right. 



FIGURE 5-8 

Whittle away the leading edge of the key so It fits In the natch on 
thE underside of tbe latch. 



FIGURE 5-B 

Continue whittling the leading edge of tie key te ehape te when 
it turns, it catches and manes the sliding latch plate. 



FIGURE 5-10 


Shape and fit the tumbler. Eventually, tbe pivot peg needs In be 
glued into the tumbler plate and held in place with a round 
toothpick with the heel end oi the pivot running hack through the 
hex. The other down! is no mars than a stub that sticks cut at the 


back of the tumbler plats—to rest in the latch notch. 
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ASSEMBLY AND FINISHING 

□ When you have achieved a smooth movement of the 
key, tumbler and latch, take the latch plate back to 
the drill and the scroll saw and finish cutting the other 
In cat Inn slot and tbn two-pronged bolt profile nn the 
leading edge oi the latch (Fig 5-11), 


□ Having fretted out ah the component parts that 

make up the project, spread them cut fFig 5-13) and 
check them over for potential problems. 


. H When the whole movement is smooth running, fit 
■ifl the ward knob in the back of the box, and whittle a 
little bridge ward on the bottom edge of the key so it just 
cLr-arn the knob. The idea is. o? course, that only your key 
will lit into the lock (Fig 5-13), 



Ft EURE 5-11 

Having established! the position of the slot at the bach end af the 
latch, go bach to the scroll saw and finish cutting the profile. 



FIGURE 5-12 

The component parts—all ready lor the final fitting. 



FIGURE 5-13 

With the latch being held 
in place with a couple of 
temp otnif dowel pegs, lit the 
ward stub in the bach plate, 
and whittle the key ward to 
shape—like a little bridge. 


Finally, when you arc happy with all Lho moving 
parts, fit and glue the dowels and pins that hold the 
sliding latch tn place, glun and pog the two layers that 
make up the box, glue and peg the box to the base, and so 
forth (Fig 5-14), When the glue is completely dry. rub down 
all surfaces to a smooth finish, Wipe the whole works with 
the teak oil, and the project is finished 



FIGURE S-14 

Finally, glue and dowel the whale works to aether. Nets how the 
laich is held in place by dowels that ate end pinned. 


PROBLEM SOLVING 

- If you like the idea of this project you can adapt it ta fit other 
kinds t>( Jocks. 

- When r .re designed this project, we had in mtnd that r .re 
would cut and fit a wooden leaf spiirsg to firmly hold the 
tumbler on the latch. It's still a good idea, you could use a 
piece of springy wood, like bamboo. 

* This js oils oJ those tnojects where you need to held back 
with the sanding until the mechanism is up and working. 

I say this because you might well need lo make several keys 
or several tu millers before you gar everything just right. 
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PROJECT G 


Reciprocating Engine 


PROJECT BACKGROUND 

The reciprocating machine beautifully illustrates a!l the 
movements that make tip the archetypal combustion en¬ 
gine. At the turn of a hand]a, it’s plain fa sea lmw tba up- 
and-down move merit of a piston is converted, by way at a 
crank, into rotary motion (light), 

If you ara looking ta make a relatively cosy project, this 
is the one for you, 

PROJECT OVERVIEW 

Having said the project is easy to make—and it realty is— 
this is nut to say you can du it with your eyes closed. Yes, 
the various cuts are straightforward, and no, you don't need 


a fancy tool kit, but the cutting and shaping procedures do 
need ta be campleted with care. Tor example, although the 
fretted side runners can be cut on the fret saw—and this 
is swift and easy—the various layers that make up the 
sections al the runners need to be carefully drawn out. 

The working action is pretty to watch. As the handle is 
turned—either clockwise or Counterclockwise, it makes na 
cliff ere nce=the crank turns on its pivot, with the effect that 
the pistau slides up and down in its runners. But don't 
forget, when you. are giving that science fair lecture, to 
mention that the real-life in-car movement is reversed. 
With the combustion pushing down on the piston and the 
rotary crank driving the road wheels. 
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RECIPROCATING ENGINE WORKING DRAWING 



FIGURE E-l 

At i grid scale at two squaiea 
Id 1”, tba m Fiohinc stands 
ajtoiit 8” high, wide 
across the span of tba base 
mid V/m ™ In depth. 
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RECIPROCATING ENGINE TEMPLATES 



FIGURE 6-2 

file scale is two giiri 5 quares 
tu 1". Hole that, as with all the 
templates in the bonh, the 
pin tiles are more a 
diagrammatic guide than 
actual templates. This being 
so, it's always a good idea to 
check out the sisas and the 
placings of the various lining 
And pivot holes before cutting 

TDUIWDDd, 

A Backboard. 

B Ease. 

C Piston. 

B Slide raile. 

Vi B mien. 

W thick. 

E Crank. 

r connecting rod. 

S Buttress. 
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CUTTING LIST 

A Backboard 

Va « &'/• >: 9 straight-grained, 

knot-free tulip 

B 

Base 

V* * 4 l /e * S ! /= tulip 

C 

Piston 

3 /b* E'/V k 3Vi mahogany 

D 

Slide rails 

v s »l * 8 cherry 

Vm" thick 

W thick 

E 

Crank 

V'a * Vn * a'/V pitch pints 

F 

Connecting rod 

l /j * E a 3V'< pitch pine 

G 

Buttress 

Vi ‘ 1 * ZVb 


Pegs nod pivots 

Vi" devi’el 



CHOOSING YOtFEt WOOD 

II you are anything at all like as—like moat woodworkers, in 
fart— the nEvcr-onding gnashpn is what to dn with the ever¬ 
growing pile of affcuEa. Yes, it does seem a pity to throw out 
small pieces oi exotic wood left over horn large prefects, lint 
what tn du with them? WeII now, no such problems here. 
This is a great project for using up Ddds and ends! After 
searching through our stockpile, wc decided to go for 
straight-grained tulip tor the base and backboard (It needs 
to he strong); cherry for the runners, pitch pine for the crank 
and connecting rod; mahogany lor the pisicn; and dowels ler 
the various pins and pivots. Note; if you look through the 
various photographs, you will see that the top, back Edge of 
the backboard is shaped Don't worry about it. It's not impor¬ 
tant, It's just a hit left over from another project. 

making the gage AND b&gebpabb 

tulip and use the pencil, ruler, square and cam passes tn 
mark all the lines thaL make up the design. 


Q I laving carefully studied the working drawing (Fig 
G-l) and templates (Fig 6-31, take the two pieces oi 


□ Spend time carefully marking in the position of the 
center lines, the crank pivot hole, and any other 
guidelines you think arc necessary, If you are at all unsure 
as to what goes where and how, shade in the areas that 
need to be cut away 


O When you feel all is correct, move to the scroll saw, 
and set to work cutting out tho profiles. Having 
made sure the blade is well tensioned, run the workpiece 
into the saw so the blade is always presented with the 
angle of best cut and the line oi cut is fractionally to the 
waste side of the drawn line, 



Drill and peg the backhuard to the base with 
the pegs run in at a slight angle, check with a 


square, and generally see to it that everything is square 


and stable. 


MAKING AND FITTING THE SLIDE RAILS 

Before you do anything else, have another good, 
long look at tho working drawing (Fig G-l) and the 
sequence oi photographs, and see that: the pair of slide 
rails arc achieved by being first sliced into four layers— 
two tor each rah—and then marked out, drilled, fretted to 
shape and reassembled- Note how the order of work—first 
drilling and pegging and then fretting—ensures that 
profiles and holes match up. 



When you have sliced the slide rail wood into four 
4”-fong, r-wide layers—two at Vie" thick and two at 


a little over Va" thick— draw the imagery un one or other 
of tho layers. 


□ With the four pieces of wood sanded down and 
clamped securely together, drill the three dowel 
holes through all four thicknesses of wood. 
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total 


Push lengths oi w" dowel through the holes to hold 
the four pieces of wood together, and fret out the 
threE-curvE shapE on the scroll saw (Tig E-3). 



FIGURE 8-3 

with thb dowels to hold the Layer* in bldce, carDfuliy fiat out the 
shape of the tnnnere, or roils. If the blade starts to wander off 
course, it's a. sure sign either tho blade is wain nr Ike tension is 
top slack. 
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FIGURE S-4A 

Having cars Lilly pencil labeled lie lay era so fboy are nicely 
matched up nnd you knew what goes wh etc and how, slice nway 
tie strip of waste from the bach Layer Its Easy to make a 
mess-up, so ho sure to get it tight the first time around. 



FIGURE 6-5 

Drill the seven bales, and have a trial fitting oi the rails. Aim to 
have the rail pegs standing slightly proud. Note that the crank 
peg as shewn is no mors than s tryout. 



FI GURE 6-4B 

the piston needs to he a gaud lit—not so sloppy it tilts to the side 
nor so tight there is any friction, jnst an easy, comfortable fit. 


Slice □ wide strip from Che straight edge at 
both thick lay era (Fig S-4A), and have atrial fitting. 
Label the layars so you know precisgly what gems where 
(Fig 6-4B). 
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□ Having cnmpLctcd two identical, two-layer rails, 

carefully set the rails in place on the backboard, and 
mark in ths position of tho six peg-fixing holes, While you 
are at it- -If you haven't already done it—mark In the 
position of ths crank pivot hole, run the holes through 
with the W hit and have another fitting (Fig D-5). 

CUTTING THE PISTON 

n Take your chosen piece of wood and check its 

thickness by sliding it in the rails. It needs to he an 
easy, smooth-running lit between the rail and the 
backboard. If need he, reduce the thickness to fit. 


H E raw the design on the working face ol your chosen 
piece of wood, mark tho center linE, and fix ths 
position oi the pivot, shade In the area that needs to be 
cut out. 


When you have double-checked that everything is 
wall placed— thE profile linss and the position of the 
pivot point—go back to tlie scroll saw and iret out the 
shape (Fig 6 S}. As always, work at a nice, easy pace, all 
tho while being ready to ease hack ii the blade Starts to 
bend or if the line of cut looks to be running away from 
thE drawn line. 


Finally, take a scrap of fine - grade sandpaper and rub 
down the edges ol the piston cutout to a slightly 
rounded finish to create a good, sliding fit between the rail 
tracks and the backboard. 



FIGURE 6-6 

ft's important yon go far a straight-grained wood, and ego ally 
Lmpo riant you mark tho profile bo the grain is aligned with the 
center line. This way cl working ensures that there is a minimum 
of weak, ahnrt-grained areas-. 
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CUTTING AND WHITTLING THE 
CRANK AND CONNECTING ROD 

□ Have □ ]ock at the working drawing (Fig 6-1) and 
templates [Fig 6-a), and consider that the two 
components—the crank and the connecting rod —are first 
cut out dii the scroll a aw and then Whitt IelI 


O Diid piece at a time, draw the lines at the design, fix 
the position of the various pivot holes, and tret out 
fha pvofilBS on tho scroll saw [Fig 6-7). 


With ah the lines and center points in place, and 
having carefully chucked for accuracy, run the four 
Vi*'- diameter holes through on the drill press, 


3 



Starting with the connecting rod, take your knife and 
set to work whittling the cutout to shape. And just in 


Casa yuu are a beginner tu whittling, ii yuur knife ss sharp, 


and if you are working with an easy-to-cut piece of wood, 
you won't have any pruhlcrns. 


Q Having once again studied the working drawing (Fig 
G-l), templates [Fig 6-2 i and photographs, take your 
small, sharp knife and start whittling the straight part of 
the tod to a roundish section. The best technique is to set 
in the circle lines of the ends with stopeuts— on both sides 
uf the wo ad and at bath ends—and than to carefully slice 
the blade into the stop-cut so the waste falls away. If you. 
work with a careful thumb-braced paring cut, you won't 
have any problems with the knife slipping (Fig 6-B). 


H When you have shaped and lowered the ruund 
section so the flat faces of the end circles stand 
soma what proud, toko a scrap of sandpaper and generally 
rub down the whole workpiece to a smooth, slightly 
round-edgod finish. 



Run a V cut around the big end to achieve the 
illusion that—ju si like a met a] casting—the form is 


made up of two parts. 


□ When you are pleased with the overall shape and 
feel of the connecting rod, follow through with more 
cir ]E55 the same whittling procedures for the crank. That 
is to say, set the ends in with stop-cuts, and then pare 
away the central portion so it is half-round in section. 
Make sure the square, Hat end stands slightly higher than 
the rest of the piece.. 



FIGURE 6-7 

Hun the center lino in the direction of tbs grata F and then have 
the profile set square and symmetrical with the line. Be sure to 
double -check the position ot the dowel holes- 



Work with a careful thumb-braced paring stroke, all the while 
being ready In brako if tho blade slips. Tip: a raz PT-sharp blade 
IS much safer to use than a him** blade that nee da to be bullied 
into Action. 



FIGURE 6-3 

When you have completed all the mmipcnent parta that make up 
the project, spread them cut on the work surface, and check them 
over fust to make sure every thirty is correct. 
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ASSEMBLY AND FINISHING 

When you have completed all the component parts 
ihnt mats up the project (Fig G-9). then comes the 
pleasure at putting the machine together. 


Finally, slide the crank rod. through the backboard, ILE 
the fixing pin, slide the piston down in place 
between the rails, set the connecting rad on hath the crank 
rod and the piston rod, and.,„ the project Is finished. 




□ Having nibbed down ah faces and edges with a 

sheet of tine grade sandpaper, wiped away the dust, 
and had another trial fitting—just tc- make sure Everything 
comes together for a good fit—give all nonglued surfaces 
a swift wipe with tbo taak oil, and put the whole works to 
one side to dry. 


Glue and peg the backboard to tha base so it's at 
right angles, and glue and peg the buttress in place, 
It's important everything is true, so spend time checking 
with the ruler and square |Fig 6-ID ). 



Glue and peg the rails in place, check that the piston 
still fits, wipe away any excess glue and clamp up. 



Glue the three pivot rods in place; the small end rod 
that stands out from the piston, the ruri that runs out 
ham tlte back of the crank, and the handle or big-end rod 
that stands nut from the fmnt of the crank. Wipe away 
excess glue, check alignment, and put the rods to one side 
until the glue is set (Fig 6-ID. 



FIGURE 6-10 

Having gliiad, check Eat sguarencss before clump ing, 


FIGURE 8-11 

The movement h in pres on the dowel rods being carefully placed 
so they are square with the working (ace. Make several chocks, 
(left) Piston, (right) Crank. 

PROBLEM SOLVING 

* II you like the idea oi this project but want to change the 
design, no problem, as long as tha re :s clearance between the 
bottom Lit the piston and tha rounrle d. and of tha crack aod 
between the square and ot the crank end the base slab, It m 
doubt, it's always a good ilea re make a working malal. 

■ When you are ordering your wood, always ask lor wood that 
ss wall seasoned and dry. I say this because- partly seasoned 
wood is likely to spin, Warp or shrink, and damp wood is 
difficult to work. 

■ Having said the straight-grained tulip is suitable fur the 
backboard and the base tins is not to say it Js suitable lot Hie 
snail parti that arc ic hu whittled. If yon have any doubts as 
ta the suitability ot such and such a wood loi Whittling, it's a 
good: Ldca to try a sample with your knife. 

- Shop-bought dowel rod is a problem inasmuch as the 
sizing is vanable and unreliable. For example, my so called 
'//-diameter dowel is a VEry tDcse fit in a W bole, whereas 
my A" riu wel ls tun biir tor a : A' hute ami a sloppy, loose lit ior 
□ .'V hole. This being so, it's always a good idea to chuck nut 
your dowel supply at the start of a pioiEct. ar.d then muddy 
the project accordingly 
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PROJECT 7 


Oil Pumping Rig 


PROJECT BACKGROUND 

We have tried in this project to capture the essentia] im¬ 
agery—the tower, or derrick, seesaw beam, crank and nod¬ 
ding danknyliks hand. The movement in beautifully direct: 
when the handle is turned the crank revolves, with the 
effect that the beam oscillates and the loose pivoted don 
koy hEad at the and cl the bEam slowly nuds up and dawn. 

PROJECT OVERVIEW 

Have a look al the project picture (right), the working draw¬ 
ing (Fig 7 l) and the templates (Fig 7-3], and note that the 


machine is made up of six primary elements: a base siab, 
tower, balance bEam at the tap at the tower, pivot pla-E that 
holds the beam, crank, and connecting rod. And, of course, 
tbara arc secondary Blements liketbn donkey head and thE 
various pins and pivots. 

This project is ideally suited for tire beginner, inasmuch 
as it can be cut and worked with nothing mare complicated 
than a scroll saw and pillar drill What else to say, except 
Ebat this machine is great fun to make and great fun to 
watch in action. 
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OIL PUMPING RIG WORKING DRAWING 



figure; 7-i 

The machine stands about 
S n high and 7 " long. 

(top) The gnd seals is iouc 
squaros to l’\ 

{bottom) The grid scale is 
two squares to l' f . 
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OIL PUMPING RIG TEMPLATES 



net! HE 7-2 

The seals is four grid squsrss 
ta 1". 

a Derrick tower 
B Crank plaLe. 

E Center pivot plates. 

P End pjvcif plates. 

E Donkey head, 
aides, 

Lanier. 

r connecting rod. 

G Handle. 
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CUTTING LIST 


A 

De trick towar 

Vh * 6 * 7 tulip 

E 

Crank platE 

1*Vb *Z *2 pitch pine 

C 

Cfiiirar pivot plates 

a— 1 A 11 Wi * 3 mahogany 

D 

End pivot platE s 

2—V< * Vh * IVh mahogany 

E 

Donkey head; sides 

2—Vi *1*3 mahogany 


center 

Vp k 1 K 2 cedar 

F 

Connecting rod 

L /t * l l A “ 4 mahogany 

Q 

Handle 

'-A * IV i * S mahogany 


Ease 

7 a i 4 " 7 tulip 


Beam 

7b “1*0 cedar 


Pivot rads 

: /V dowel 


Fining pins 

round tMthpfckg 



CHOOSING YOUR WOOD 

In the context of finis Easy-tg-make project—no wend turn¬ 
ing or fancy carving—all LhaL is required nf the wood is that 
if be easy to cut and work. That said, what batter woods to 
use than tulip and mahogany? We chase tulip for the base 
and derrick; scraps of mahogany for the pivot plates, don¬ 
key head checks, connecting rod and handle; cedar ter var¬ 
ious bits and pieces, and shop-bonglit dowel lor the pins 
and pivots, 

MAKING THE EASE, DERRICK AND BEAM 

□ Having spent time studying the working drawing 
|Fig 7-1) and the templates (Fig 7-2), bringing your 
tools re good order, and generally making sure your 
chusen weed is in up-top condition, draw the design tu 
size and make a clear tracing. 

□ Take your chosen Ve h - thick wood, note how the 
grain needs to run in relation to tbs prefit es, 
meaning the shape of the base, beam and derrick, and 
then carefully transfer the imagery accordingly. The 
heel procedure isle first establish the position ef the 
baseline and the center lines, then fix the position of the 
centerpointii fer the boles end curves, and then finalize 
the profiles with the compass and ruler. 

□ Having marked the base slab, beam and derrick, and 
being satisfied wit lithe way the imagery relates to 
your chosen pieces of wood, mevE tn the scroll saw and 
set to work cutting out the profiles (Fig 7-3). 



FIGURE 7-3 

Although hath the base and the beam are simple atructu tea, Ibis 
is all the more reason they treed to he carefully marked, If you 
decide to redeaign such and such a detail, hear in mind that 
smooth, easy curves arc much easier tn cut and work than small, 
tiglrt angles. 


Having fretted out the three primary profiles, move 
to the bench drill end set to work sinking the various 
holes that makeup the design. Don't worry too much 
ghout the two large pierced holes in the derrick (Fig 
7-4)—they can he larger er smaller er even placed in a 
different position; it makes no difference—but do make 
sure the pivot and fixing bales in the derrick end boom 
are precisely placed. 



FIGURE 7-4 

When you come to sink largo-diantctor holes, tho working 
procedure is to run the hit in for about then faring it up and 
Oiit amt clear tho waste, run the drill ill another W, c lenr the 
waste and no an until the hale has been cut. If yen try to farce the 
pace and run the hale through in one great thrust, you risk 
splitting the wood or doing damage to the drill hit. 
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FIGURE 7-5 

(ts always a good idea to stop along tie way and try nut the 
component parts for slit. This method! of working gives you time 
to assess your progress. 

Finally, liavjn g cut out the three primary 
components and drilled the holes, have a trial lit ting 
and set them in place one on top of another (Fig 7-51 It's 
important the derrick stands true tn the base and the 
beam sits square. To this end, spend time sanding and 
adjusting to a good fit, 

MAKING THE PIVOT 
PLATES AND DONKEY HEAD 

tie to re you put tool to wood, cast youi eyes over the 
working drawing (Fig 7-1) and templates (Fig 7-3), 
and see how various plates and parts come together. Note 
how the pivot piates at the tail and center of the beam are 
cot and worked in pairs and pinned and glued at either 
side of the beam, while the donkey head is made up of 
itiran layers and loose pi voted on the end of the beam. 

□ When you have a clear understanding of just how 
the parts need to be worked, meaning the order ol 
work and the procedures, take the two L /7'-thick pieces 
of wood that make up the tail and center plates and pin 
them together with a couple ol tacks so you have a 
two layer sandwich, 

□ Now, having drawn the imagery, fixed the center 

points, and drilled out the W'-diamater center plate 
pivot hole, tap a length ol dowel in the hole to ensure 
that the holes are identically placed, and run the wood 
thro ugh the scroll saw (Fig 7-E). Repeat the procedure 
with the tail plates. 


FIGURE 7-6 

If you need to cut out a iiurabflT of multiple parts, meaning 
Identically matched parts, it's a good idea to layer up the wood, 
drill out any hales, and cut out all the parts at once. 

When you have completed the two sets of plates—all 
cleanly fretted and drilled— set thorn in place an the 
beam, and have a trial fitting. FenciUabel the plates with 
alignment marks so you know what gone where and how, 
and decide which of the surfaces ate to he glued. 

H To make the donkey head, rerun the layering and 
cutting procedures as already described, only this 
time, cut through three layers af wood rather than twa. 


FIGURE 7-7 

Saving achieved tho three identical profiles that make up Ike 
donkey head, cm away the waste from tho middle layer. 
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FIGURE 7-S 

The heart lie Eds Id he a loo Barracking fit on the and of the he am. 
Spend lima variously reminding ever tin end of the beam ot 
catting the hale bigger. 


□ Having achieved the three identical scroll-sawn 

profiles that make up the donkey head, carefully saw 
away the waste tram the middle layer (Fig 7-71 II you have 
done It correctly, when yea reassemble the three layers— 
the thin layers on the outside and the thicker, partially 
cutaway layer at the center— you should finish up with a 
little hatlike structure that sits neatly on the end ot the 
beam (Fig 7-3). Check the head for size. 

MAKING THE CONNECTING 
ROD, CRANK PLATE AND HANDLE 

□ Have a look at the working drawing (Fig 7-1) and 

templates (Fig 7-3), and see haw the connecting red 
needs to be cut and worked, Note that the row of blind 
boles is no more than a decorative feature, 

B Draw the profiles to size, and transfer them through 
to vour chosen pieces cf wood. 

D Thn crank and ban rile plates (Fig 7-9) are straight¬ 
forward: establish Lhe position of the pivot holes, 
drill them, and then fret out the profiles on the scroll saw , 

D When you have fretted out the handle plate, check it 
cut for siza, ar.d decide how it is going tn be placed 
in relation to the whole structure. For example, n you look 
at the photograph (Fig 7 10), you will see that in the first 
instance, we considered having the handle on What came 
to he the front of the machine. 


The connecting rod Is simple enough to make: All 
you do is fret our the rota) shape, run the pivot holes 
Ihruugh with the ; A n -diameter bit, and then sink the blind 
holes at regular step-offs along the center line (Fig 7 11), 



FIGUHE 7-9 

Tbn precise shapes of the crank plate and the crank aren't too 
important, us long as the profiles are wq II placed with the run at 
the grain and the position of the holes is positively established. 

To this end, you must double-check the position of the hale center 
points and ebb to it that tho initial marking- relates to the grain. 



FIGUHE 7-10 


Try the handle plate far size, and make sure there is Enough 
clearance between the swing and the base. 



FIGUHE 7-11 

To mark the connecting rod, draw in tbe center line, establish the 
distance between the two pivot points, and decide on the best 
size of drill bit for the blind holes. 
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FIGURE 7-12 

Set out all the component parts—all drilled and With most of the 
raw edges sanded back—and check them hr potential problems. 

ASSEMBLY AND FINISHING 

When y ou have completed all the component parts 
that make up the design, spread them out on the 
world surface and check them lor potential problems 
(Fig 7-12 ]. 

when you are pleased with all the component parts, 
take the finest grade sandpaper and swiftly rub 
down all the laces, Edges and cornets. Pay particular 
attention to bearing faces, meaning surfaces that are 
going to rub together. 

□ Having drilled, pegged, glued and clamped the 

derrick to the base—and put it to one side so it is out 
of harm's way—then comes the tricky task of gluing and 
fitting the donkey hcod. 

Q Hsing mindful that the head needs to be a innaa- 

pivoted lit on the end oi the beam and the beam and 
middle layer are both cut from the same Va" inch wood, it 
follows that the head cod of the beam will need to he 
reduced In thickness. The best procedure is to glue and 
clamp the head, try it do the end of tho bo am for size (Fig 
7-13), and then reduce the beam thickness accordingly. 

H I lave a trial placement of the various beam piates, 
and make sure you are clear in your own mind as to 
how tho ports neod to come together. 

O Fit, drill, glue and peg the two pivot plates in place, 
set the two connecting-rod hearing plates at the tail 
end of the beam, and glue and clamp them in place, 



FIGURE 7-13 

Bavins glued and clumped the donkey head, try it oti tot size, and 
reduce the width □ f the beam end for a loose lit. 


□ When you am happy with the placement of tho 

various plates. set the donkey head on the beam, and 
fit with a pivot rod. Make sure the head is a loose-nodding 
lit (Fig 7-L4). 

□ Finally, glue the twa rods in ploco in the crank plate, 
set all the pins In place, and have a trial run to test 
out the movement. 



FIGURE 7-14 

Drill and pivot the donkey bead so it is a loose-nod ding fit. II you 
have got It right, the peg should he a tight lit through the beam 
end a loose tit 111 tough the side 5 of the bead, 

PROBLEM SOLVING 

* As always, much will depend on you! loo] kit. if you can’t 
get nne of large drill bit sizes or ynu have to make your own 
dowels or whatever, you will cl course JiavE tc modify the 
techniguas accordingly 
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PROJECT 8 


Centrifugal Impeller Pump 


PROJECT BACKGROUND 

The poor, old, impeller pump is one □£ those clever little 
bits ot unsung machinery that's been around tor such a 
long time that we either rake it for granted or simply don’t 
know It's there! Centrilugal Impeller pumps are used pri¬ 
marily to move liquid along pipes. And they aren't too par¬ 
ticular about the liquid: water, oil, petroleum, he or—it’s all 
the same to them. 

The classic centrifugal impeller pump consists of a 
wheel enclosed within a hollow chamber or reservoir, with 
the wheel having sliding gates and the chamber having 
slots or holes. In action, when the wheel spins around, the 
gates fly outward, with the effect that the liquid within 
the box is suddenly caught up in an enclosed space that is 


getting smaller, And, of course, when the body of fastmov 
ing liquid passes one of the slots er holes, it is forced out 
under pressure. 

With our pump, whan the crank bandies is turned, tho 
centrifugal force causes the little gates tu slide out of their 
slots and fallow the casing profile (right). 

PROJECT OVERVIEW 

Have a iook at the working drawing (Fig a-1) and the tem¬ 
plates (Fig B-S). and see that, in essence, the machine is 
made up of four primary elements: a fretted base slab, 
cradle and collar, turned tube, or chamber, that sits in the 
cradle, and turned shaft with Integral vanes, or gates, that 
pivot within the chamber. 



f| CENTRIFUGAL IMPELLER PUMP 


Maiepnan, aauiumcHHbiri aBTopcKWM npaBOM 



CENTRIFUGAL IMPELLER PUMP 



CENTRIFUGAL IMPELLER PUMP Tf 
MaTepnan. 3aupmeHHbift aaropcKUM npasoM 











Copyrighted Material 


CENTRIFUGAL IMPELLER PUMP WORKING DRAWING 
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FEGOEE 3-1 
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ab*Dit7 n Uft vRlaalibdt 
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CENTRIFUGAL IMPELLER PUMP TEMPLATES 
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OB QBE 3-2 

ThscaEfi khogill squares 

s>r\ 

& Sen :!sh. 

B Cradla. 

■Ldna. 

scoter. 

C Metalurn.fi 1 . 3 s. 
sham bar. 

■haft 
D Pipes. 

E 2D::rinQ. 

F Crank plate. 

6 Crank handle. 
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CUTTING LIST 


A 

9nsc slab 

Va x 4'/r. *= 7 cedar 

B 

Cradle: 



sides 

8—*/( * G * G plum 


center 

Va K 6 K 6 bEech 

C 

Main turnings 

4 * 4 * SO Ultfp 

chamber 

Shaft 

D 

Pipes 

1" i beech 

E 

Boss ring 

Va * IV* •* FA plum 

F 

Crank plate 

Vb - 3 l /a - 4Vi plum 

G 

Crank handle 

white dowel 



MAKING THE BASE, 

CRADLE AND CRANK HANDLE 

Whan you have studied rhe working drawing I Fig 
a-1), templates (Fig a-2) and the various hands-on 
illustrations, and when you have gathered your wood and 
brought your tools to ordEr, draw tha design to size, and 
mate a tracing. 



FIGURE 8-3 

Secure the sandwich with pins and fret out the form an the scroll 
snw. Be careful at the end of the cut—whcn the layers are no 
longer pinned—that the layers don't slide out at kilter. 



Take your chosen pieces ot wood—the piece lor the 
slab and the piece for the crank plate—and use the 
square, ruler and camp asses Lu mark the profiles. 

□ Having marked the slab and crank handle, take the 
three layers that make up the cradle, and sandwich 
them together so that you have a total slab thickness of 
about 1 V*. 

O Tako the p on oil, rulor and compasses and mark the 
shape of the cradle on the topmost layer of the 
sandwich. Make sure you arrange the profile sn the grain 
runs through the cradle tram the top down to baseline, 

H With the design carefully drawn out, lap throe or four 
thin pins through the sandwich -down through the 
area of waste Shat is to bo cut away—to ensure fbn three 
layers st ay put 

□ When you am happy with thE layout, use the scroll 
saw to cut Dut the profile. 


□ Take the crank plate, drill the holes through on the 
drill press, and then fret out the shape on the sc rod 
saw (Fig B“4). 



Chech Hie crank handle far shape and skb-I use a length ai 


2 


□ Continue feeding the wood into the saw, slowly 
maneuvering around the curves, cutting out the 
cliuIe of Waste and so on until the psoille is cut out 
(fig S-3). 


dowel—ami take a ft accurate caliper reading of the shaft hole. 

Finally, sand the parLs lu a good, smooth, round- 
edged finish. 
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TURNING THE CHAMBER AND SHAFT 

Q Eef ora you put toolto wood, have a ]adk at tbE 

walking drawing [Fig B-l), the templatEE [Fig B-2) 
and various hands-on photographs, and. Eee that the main 
body of the pump is made up of two componentE: a hollow 
chamber and shaft. NotE the way the outside at the shaft is 
splgotEd and the inELde of the chamber le stepped so the 
two came together fare smooth-turnLng, sliding fcLt 
Having noted that we've turned the two component pails 
from a single length, of wand, this 1 e not to say you. can't ga 
far twa separate tumlngH. 

H When you are clear an the order af wart and the 
procedures, take your 4‘ K 4‘ square EectLon af 
eBBy-ta-turn wocri—wa use tulip—and estahlleh the end 
center paints by drawing craseed diagonals. 


Turn down the wood to a round section af about 3", 
then take the ruler and dividers and mark along the 
cylinder all the step-offs that make up die dEElgn. Working 
from right to left, that is, ham thE tallstock end, allow a 


small amount for tallEtock waste, W for the back End of 
the chamber, Wfnr the first cove, about l T /n" far the neck, 
Vt'far the next cove, a /o"fnr the bead, 1" far what will be 
the front band of the chamber, about Va' for waste, Vu" for 
what will be the spigoted end of the drive shaft, meaning 
the bit with the adding gates, 4‘ for the length of the shaft, 
and the remainder for .deadstock waste I'F^g B-5). 


With all thE primary stEp-off guidelines in place, use 
the parting tool and round-nosed gouge to sink the 
main blacks of waste [Fig B-G}. Aim to finish up with a 
chamber neck at about 1W in dlametEr so it's a nice, 
comfortable fit to the cradle collar. BLnk the between- 
component waste so you are left with a central core at 
about F. 


H Wlth the chamber profile crisply roughed out. takE 
the tool of your choice—we use a round-nosed 
scraper—and carefully turn the decorative coves and 
heading to shape [Fig B-7). Ae to the precise shape of the 
oaves and beads, lock to the templatee [Fig E-2) and see 
that thEy are really open to your own Interpretation. 

H When you have achieved what you consider le a 
good chamber profile; follow through the sizing and 
roughing out procedures as already described, and turn 
down the ahaft and aplgct to shape. Fhe spigot needs to ht 
the hole made by a 2Va'-dLameter bit, while the shaft 
needs to be a slid Ing fit in a 1 "-diameter hole. 



FIG QBE B-G 


Martilltlfl step-edstliat JiinkeiEU tlie itesHjELaiua Blade Lb tka 
landifl pain-off waste so as le aval mass-ips. ll m tfilDklt 
k&lpa paacll Ulna lie elker areas. 



FIG DIE 3-6 


Oka tieuarQBirtnPtte swiftly slot tin lama anasil waste. Be 
vary wtiso you are sliklm tka oan nw trancll of waits that the 
tool rtPBai't yet stuck silo bloit-Tn tils sun bestcitou treecfe 
sJEtfrtly wMar than yaar ton]. 



FIGURE B-7 

Dee areHHi-UBHifemaor acraiw htimthnnlBiciw 
cuves t* Mam. iBwatcim (bat tie tod dufEatsoii andiaiv. 
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FIG QBE 8-3 

Kavioir ktitfutth mi bLdh ta a00*1 nmol, ntmer-iuaiiiEter 
Ht Id Oh bBstodt irll clitit aatf no Oh Bfealt kola lot* a Wl 
ofacDwlBil bcbas. be careful wiioLiynv satBf aid emroitviB 
dfatti«t tbs wvkpl«a»lf-G4ibr. 



FBGUflE 3-0 

wiaiTii lafvatiiMitiftiiiMBfl inf tba nanrsatnie iivatai 
DBgtflaurallytHvlii irMake ap«[irof 
cIbidIdq vat m aha h He lack law si us spigot la at mat 
umlesbma shall. 


H When you. have completed hath turnings—the 

chamber and shaft— ELnk the I'-dlamEtEr hclE In the 
End of the chamber to a depth of about 2". and part them 
off from the lathe (Fig E-8). 


Take the shaft and mnunt It on the lathe eo the stem 
of the shaft 1e held secure lnthe]awa af the chuck 
and the spigot end Ie centered and pivoted on the live 
canter at the tallstock. ThLE done, ueb the parting tool and 
tha skew chisel to turn the bass and decorative rings and 
to generally cleanup (Flg0-B). 


When you arE pleased with the shaft, remove it from 
the lathe, and mount the chamber with the hack: end 
of the chamber held In the chuck—the End with the blind 


hole—and thE front endpivotEd on thE live tall&tock 
center. 


Face up the front end of the chamber, fit the drill 
chuck in the tallstock, and set tn work baring out the 
two holes—the large one at 2 L /a" diameter and the other 
end, of the 1" shaft hale. First sink thE large-diameter hole 
to a depth of IV then fallow up wLth the l'-dlameter hole 
and then finally tidy up with the laige^slsed bit fFlg B-1Q], 


Now have a trial fitting. The shaft needs to be a 
smooth-sliding tit through the chamber, the face of 
the spigot needs to be set back a little from the front rim of 
the chamber, and the whole workE has to be a snug fit Ln 
the cradle [Fig B-ll). 
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FIG DDE 3-10 

|] ran slid: meblg li stagE&Sj npeablly raimlna me lilt in soil 
mrt, yiiwlll avoid EnroibigOia wort ar the bit, be carBlalufUaD 
joa evJt mat yii dtat flu □ w Die wni iqilecE off-center. 



FIG DOE 3-11 

Rave a trial nrana. ne cbaiubEi ib«ii torn ttght-grippod nt id 
the crarue. wtdls tlie abaft oEens to ub able b tam b Eoty within 
Dachau her. 
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riGDHi B-ia 

{but udiqh BtKpraiair wdianppgd am MimnrtfltiiiHiiBffl 
a mtlaof wh4gd V-tflocks. nn tbs '/r^laubi dim bias an 
Du wavltwi uneiib ebb ffilckmaial ebb sjAutieBi 
IbmtAwiiftQH sbaltliariH BitT-bBckiandclAaf Be 
waste vltbangaB, Hu-liuUiail obbIj ir IwiH-lHckri baadaaw. 


Having marked an the front face of the spigot tha 
size and position of tha four gatE slats, the tricky 
task of catting them cut acmes. Tha best method is to first 
clear the ends of tha slots with the 1 A"-diameter drill— 
thie establishes the width and depth of the alot—and then 
use the hack es w tc run parallel cuts from the rim af the 
spigot through to the drilled holes (Fig E-12). 

Finally, run two l /z M - diameter halee through the rim 
of the chamher for the pipes, and out a slice cut of 
the handle end cf the Bhsnk Ln readiness fot fitting the 
stank with a tenon wedge. 

TURNING THE PIPES AND BOSS HING 

With the greater gait of the project made, now is the 
time to look to the working drawing (Fig B-l] and 
then perhaps to modify the unmade components, because 
if your way of working Is anything like mine, then chances 
are some part will need to be reshaped or resized. 

□ When you have a clear understanding of precisely 
haw the remainder af the project needs to go, take 
the length of 1" “ 1" square section wood, meaning the 
piece you have chosen forthsplpae, and mount It in the 
Lathe as already described. 
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Swiftly turn dawn the wood to a diameter of about 
V-T, then take the ruler and dividers and mark all thE 
step-offs that make up the design. It's beautifully easy; all 
yen do is allow about Va"fDr tallstock waste, and then 
mark Eight l /e" stEp-offa 


□ With the step-off guidelines in place, take the skew 
chisel and round-nosed gouge and set to work 
systematically turning off all the little curves and grooves. 

H After turning the string of repeat cuts that make up 
the twe llttLepipes, burn in thE decorative"!-cuts 
with the wire, and dean up with the skew chisel (Fig 0-13). 

B Finally, fLt the WFhrstnerhlt in the tailstock drill 
chuck, run a tide through the whole length of the 
turning and then part off. 

D With the two pipes made and off the lathe, UEe the 
scroll saw to swiftly out a little disk blank of plum to 
sLse—it needs to be about Va" thick and LW in diameter— 
and mount it in the jaws of the chuck. 

O Now turn down one face of the h lank to an accurate 
disk, TEversE the disk in the chuck and turn the 
other face round over the edge of the disk so you have a 
iLttle domed shape. Bill] the turning through with the 
t /["-dlamEtEr drill bit (Fig 8-14). 



FIE DUE 3-13 


(Kb tie toe of tie shew cblaal M set In tba vat Loos steps 
antimvafl. 



FIE DUE 8-14 

Use Eli vr HE I* ran the Mb all die wav Urougl (Be Hess. II you 
are worldou Ib the way descrUerL yti slnu be aMs It nm the 
Oh ttjroufftLwlTtLnut teociloa tie inside lace al llie chocs laws. 
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FIGURE 8-25 

The component parts—all cut and ready for putting together. 



FIGURE B-1E 

Bet the ring on the boss so the gates arc nicely contained; they 
need to he a loess, sliding fit. 


□ Lastly, having first checker! that the Loss does in 
tact lit mtu Lho ring, nib it down with the graded 
sandpapers and take it off the lathe. 

ASSEMBLY AND FINISHING 

□ Check the component parts far potential problems 

and make sure they fit together (Fig 8-15). 


cut the little sliding gate blocks to size, note how 
they fit in niece, and generally rub down all the 
mating laces so the gates are a well-contained sliding lit. 


and how (Fig R 13). Generally pencil mark the position of 
the cradle on the base and the crank en the shah so you 
will he able to complete the gluing stage without giving 
much thought to the positioning. 

H Fin ally, when you arc pleas Ed with the look and 
(it of the whole project, glue it together (Fig 6-19). 
Drill ar.rl fit the decorative dowel pegs (Fig B-l), wipe tho 
whole workpiece with the teak oil. and burnish It to a 
sheen finish. 


O Sct tho gates in the slots, and hold in place with the 
boss ring (Fig 8-16); set the pipes In their holes; and 
set the crank handle on the end of the shaft (Fig 3-17). 

O Set the chamber in the cradle, and draw a couple of 
rs gist rati an marks so you know what goes where 


PROBLEM SOLVING 

* If you are new to wood turning 3 strongly recommend you 
get a four-jaw chuck, a tailstock drill chuck, and a really gonrl 
set of Forstner drill bits. 



FIGURE 8-17 

Sot the pipes in the hales sa that they 
are aligned! with the axis nr center nf 
the turning. 


FIGURE B-1B 

The chain her seeds to be b tight-gripped 
tit be tween the cradle and the cellar. 



FIGURE 8-19 

Clue fit the chamber is place in the cradle, 
and then glue mats surfaces and sat the 
collar in position. 


LULU 


I IbU 
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PROJECT 9 

Sector Wheel Bearing Machine 


PROJECT BACKGROUND 

Sector wheel bearings are, in many ways, at the very heart 
of engineering systems. 

Sector wheels are the “wheels within whEslE" that keep 
everything moving. Their primary function la to smooth 
out the opeiatLDn by reducing friction, In much the same 
way as roller bearings and baLl hearings. In fact, sector 
bearings were invented before all the rest; they were the 
prototype for hearings that wars to follow. 

The working move men t of thlE machLne is wonderfully 
simple and direct: as the crank handlE 1 e turned on the 


fhoad pivot, the captured wheels within the sector frame 
will follow the fbted path defined by the edge of the 
pan (right). 

PROJECT OVERVIEW 

Have a good, long look at the working drawing iFLg 9-1) end 
the tempLatee (Fig 9-2), and consider that, at a grid scale cf 
two squares to l a , the machine stands about E" in total 
height and 7‘ across the diameter of the wheel pan 

The machine is made up almost entirely of turned 
components—the pan, bearing wheels, handlE and knobs 
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SECTOR WHEEL BEARING MACHINE WORKING DRAWING 



w 


I- 


FIG QBE 0-1 

u j gild BtHiHimMiana 
br, ms Bdcbiu standi 
abBt E" Ugb iron tbs 
■HtBrsldie of bn rant 

Utfongb b (bo tip Hi U« 
iando ind abcil 7 P wide 
acnsi die (flanebr of 
One pai. 
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SECTOR WHEEL BEARING MACHINE TEMPLATES 



FIGURE# 9'2 

file seals is two grid sifuarsa 
In 1" far the blank silhouettes 
and four squares to tha inch 
for tha line drawing. 

A Laicjepan. 

E EasTing whsels, 

C Social frame. 

B Decorative Knobs (6) 

E Buns | 3 ). 

r £unKnobs. 

G Handle has a. 
h Handle, 
l Washer. 
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CUTTING LIST 

A Large pan 

2 *< D * 9 maple or beech 

B 

Bearing wheels 

2 * 2teech 

C 

Sector hams 

% * 4 * 4 cherry 

D 

Decorative 

knobs(61 

Vs * Vi » 9 walnut 

E 

Duns (3) 

IVh * V/a * ID beech 

F 

B un knob 


G 

Handle base 

1 * i * 6 cherry 

H 

Handle 

1*1* 6 cherry 

I 

Washer 

1 * 1 * 6 cherry 


Pivots and pegs 

L /n“ dowel 

Soi round toothpicks) 





CHOOSING YOUR WOOD 

As with atl the wand-turning projects, the waad must hn 
easy La tarn, The waad must he well seasoned, straight 
grained, and generally described as being easy to turn. We 
sett lad for beach far the large pan and the hearing wheels, 
American walnut for the decorative knobs, and beech for 
the feat. 

MAKING THE PAN 

Having studied the working drawing (Fig 3-1) and 
the templates (Fig 9-2 ), carefully selected your 
wood, and painstakingly planned the sequence at work 
so you know how to proceed, take the 2 ri -thick slab of 
beech—the piece far the base—and mark it with a 
7 "-diameter circle. 


H C at a Lit the blank on the band saw, and niuunt it an a 
6"-diameter faceplate. Use short, fat screws at about 
W long for fixing, with about Va” of the screw going into 
the wood, 

□ Mount the whole works on the lathe, set out all your 
tools so they are readily available, and check that 
you and the lathe arc in good, reliable working order. 

Position the lonl mat over thin bed nf the lafhE, and 
use a large gauge to swiftly turn dawn the blank to a 
smooth diameter of T\ 

H Mark the center point with the toe of the skew chisel, 
end then fix tha dividers—first to a radius nf Vo" and 
then 1W—and mark the face of the wood with the various 
lines that make up the design [Fig 9 3). Move the tool rest 
out tu the side of the lathe, and mark the hand that runs 
around the edge of the wheel. 

Use the parting tool and skew chisel to sink the 
IV*"-wide wheel track to a depth of r. Bring tbo 
whole area to a good, smooth, sharp-sided finish. The best 
working procedure is to first establish the depth at the 
sides and then to clean up the rest (Fig 9-4). 

B Continue turning the decorative beads thul run 
around the rim, continue turning the edge, and so 
an (Fig 9-5). 





FIGURE 9-3 

DSd the ruler and diviiins to mark the 
central pivot paint, the width of the track, 
and the decorative band that rune around 
the turning. 



FIGURE 9-4 


Use the Darting tool to lower the waSt* tu 
the desired depth. Hold the tool an the 
inside face is at right angles to the he Item 
of the pan. 



FIGURE 9-5 

UbD the too! si your choice tc turn the 
decorative heads that run. around the face 
□f the pan. Not a that I'm using an old file 
rve ground to a heaklike point. 
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□ When happy with the profiles ami finish, takB a 
length of wire and friction hum the grooves that 
decorate the channel that runs around the edge of the- pan 
(Fig 3-6). Warning: on no account should you wrap the 
wire around your fingers nr have Innp handles; use sticks 
so the wire can he swiftly released if there are snarls. 

O Finally, having first rubbed down ah surfaces la a 
smooth finish Jeave the turning on the faceplate, 
and rake it off tha larhe. 

TURNING THE WHEELS 

□ Take the length □! 2* * 2" square wood you've 
selected for the wheels, establish the end center 
points by drawing crossed diagonals, and mount it 
securely on the lathe. 

□ Having turned down the wood Id the largest possible 
round soction, use the dividers and parting tool to 
cut the two wheel thicknesses. Ann lor two thick 
wheels at I-A" diameter. It is best to clear the hulk of the 
rough with the gouge and then to use the skew chisel to 
shave the turning to a good fit and finish {Fig 9-7), 


When you think the wheels are to size, carefully 
draw the tailstock out of the way, and have a trial 
tilling uf the wheels in the pan (Tig 9-E). H e cautious that 
you don't knock the workpiece off-center. 


With the wheel diameter marginally smaller than 
the width of the pan track, nth down the wheels to a 
smooth finish, and part them uff one piece at a time (Fig 
9 9), Note; if you have a tailstock drill chuck, you could 
bore out the pivot hnlos prior to parting off. 



FIGUHE H-7 

0*s the left Hand both to support the workpiece end to control the 
cutting pressure, 



FIGURE S-8 

When you think the wheel* aro to size, stop the lathe, hack the 
tails tack nut of the way, and have a trial fitting. Ain lor a small 
space between the side of the Heel and the center of the pan. 



FIGURE 9-G 

F irmly hold the CQpp it wire on top of the spinning work pic co to 
friction hum a scries of decorative rings. Warning: an u account 
should you wrap the wire areund yetir It ngers or have loop 
handles; yen must ho able to swiftly drop the wire if it snarls. 



FIGUHE 9-9 

Having cleaned np the face of the first wheel, hack the tails tack 
out of the way and carefully part off. 
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FIGURE 3-10 

Use the porting tool to slnfc the channel at the bottom of the pan. 


H Lastly, having first mil Vb*- diameter holes through 
the wheel centers, mark the position of the wheel 
□ enters on the bed of the pan track. This done, remount 
the pan on the lathe, and cut the center-of wheelline with 
n '/i"-wide, vV'-deep channel (Fig 9-1D). 


TURNING THE DECORATIVE 
KNOBS AND BUNS 

□ First of all, havs a look at the working drawing (Fig 
9-1) and the project photographs, and see that there 
are six decorative knobs set at G0 Q intervals around the 
top rim olthe pan and three knobs, or buns, set at 12 CT 
Intervals around the underside of the base. 


O Feel tree to change the shape and size ol the 
turnings to suit your needs, select the length of 
wood iur the decorative knobs, and mount st on the lathe. 



With rbc wood securely mounted between the 
four-]aw chuck and the tailstock, turn it down to a 


diameter of about V ", 



Use the dividers to mark the string of head tike 
repeats that make up the six knobs. I used a '/” 


module -Vt* for the top of the knob, W for the bottom, 


and L /Y J for the stalk or spigot (Fig 9-11). Sink the waste, 
meaning the width ol the spigot, to match one of your drill 
bit sizes. Aim for a diameter between Va" and W\ 



FIGURE 9-11 

Turn down the cylinde r so you havs a baa Aliks string of Little 
drum shapes. Note how tho wood is securely hold in the chuck 
and pivot Ed on a live tailstock cantar. 



FIGURE 9-12 

Dec the heel ol tho skew chisel to turn oil the sharp shoulders. 

The heat procedure La to werh along the turning in one direction 
and than rerun in the ether direction. If ycu have dentals about 
your turning skills, mm oil mote abapas than yon need and select 
ths choice set. 

O Wben you have achieved what you figure are six 
well-turned knobs, take the wire and mark each 
midline with a decorative, friction-scorched stripe, 

□ Having first of all parted the knobs off the lathe with 
the tan af tba skew chisel, set them ana pises st s 
time in the jaws ol the chuck, and sand the cutoff points to 
a smooth, rounded finish. 


H With the little blanks all cut to size, take the skew 
chisel and set ts work systematically tummy them 
to the desired shape. Work along the turning in one 
direction and then rerun in the other direction. Turn off 
tho bottom shoulder on all six forms, then cut in the 
decorative lines on all six forms (Fig 9-121. 


□ Have a look at the working drawing (Fig 9-1) and the 
various photographs, and see that we turned off four 
buns - -three to be used as feet and one to he used as a 
support under the bundle end of the little wheel frame. 
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Working in much the same way as already 
described, mount the wood on the lathe, turn it down 
to a cylinder, use the dividers to set out the step-offs that 
make up the design, reduce the waste at the spigot and so 
on until you have four identical little drum-shaped blanks 
(Fig g-13}. 

To turn the buns to the roundish nutlike shape 
you should: 

* Set the skew chisel flat down an the workpiece sa the 
heel is on tile midline and iooking in tile direction ol cut. 

1 Gently rotate the tool until the blade begins to bite, 

* Lift and rotate sc as te cut away the sharp shoulder. II 
you are doing it properly, the lifting-rolling action will cut 
off a ribbon of waste, while at the end ef the pass the tee 1 
should he in the valley with the toe uppermost 

Continue to repeatedly set the heel ef the skew un 
the midlins, lifting and rotating—first to the left to 
remove all the shoulders on one side and then to the right 
to remove the shoulders on the other side—until y ou 
finish up with font well-turned forms (Fig 9-14). 

Send each bun to a smooth finish, then part off the 
turnings from the lathe, remount them one at a time 
in the jaws of the chuck, and sand the part-off area to a 
smueth finish (Fig 9-15). 

MAKING THE WHEEL 
SECTOR BEARING FRAME 

First gf a]], have a good leek at tbs working drawing 
(Fig 9-1) and Lhe Hub drawing (Tig □-£), and see how 
the form is drawn with a compass and ruler. Note how the 
main pivot point is sot at the center of a large cirole, while 
the bearing wheel centers are set on the circumference of 
tbs circia. 

When you have a clear understanding of how to 
achieve the image, draw it en your chosen piece of 
Va' -thick wood so the center line runs in the direction 
nf the grain. 


Fix the position of the four holes, and run them 
through with the A 7 *-diameter drib hit. Then move to 
the scroll saw and fret out the profile, Being mindful that 
the speed of cut will change as you cut alternately with 
and across the grain, run the line of cut a lit tie to the waste 
side of the drawn line. 



FIGURE 9-13 

Use tbn parting tool te swiftly gink the a teas of waste. 



FIGURE 9-14 

When fail have achieved what you consider to bo a welt-matched 
get of bans, tidy up the spigots with tbs parting tool, and use the 
too a! the shew chisel to vary nearly part all the turnings one 
from another. 



FIGURE 9-15 

Held the bun by its spigot, and use tbs sandpaper te mb down the 
partaff paint to a smooth finish, 


Using □ large-sized drill hit—nr you could cut a helo 
on the scroll saw—reduce the weight and lighten up 
the appearance of the form by piercing the center area 
(Fig 9-IE). Ee careful nut to weaken the structure by 
having the pierced window too near the edge of the profile, 
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FIGURE 9-LG 

Being careful not ta get too near the edge of the profile, use a 
large-Bisect drill bit to bare out tbe pierced window. 


ASSEMBLY AND FINISHING 

□ When you have made all the component parts that 
make up the machine —the disk shape pan, two 
wheels, sector frame, and various decorative bits and 
knobs—check them over just to make sure they are tree 
from damage, give them a light rub dawn with the teak oil, 
and then clear the work surface to prepare ior putting the 
pie oca tag Ether (Fig 9-17). 


«■ Before you do anything else, especially if there is a 
J likelihood that one uE tbe component parte is made 
from suspect wood—it might he damp or have a knot or 
whatever— set the wheels in the frame and the- frame on 
the main pivot, and try out the movement. It ail is correct, 
the contact between the wheels and the inside face of the 
pan should be such that there is just enough friction to 
set the wheels in motion but not so much that they stick 
(Fig 9-1B). If need be, toko a fold □ * tho finest-grade 
sandpaper and rub down the wheel rims to (it. 


□ Glue the three hun feet and the sik knobs in place, 
glue the main pivot in the center of the part, glue tbe 
ends of the wheel pivots in tho sector frame, fil and glue 
the handle in place, fit the wheels in the frame and the 
frame an the center pivot snd :m on until the task is done. 
And, ot course, it and when you find that such and such a 
component part sticks oris deformed or whatever—which 
sooner or later you most certainly will—then be ready to 
ease and modify the offending part accordingly. 


Finally, wipe away the dust, burnish the oiled 
surface to a sheen finish, and the machine is ready 
lor action. 



FIGURE B-17 

Set out all the component parts, ftfid check: them over far 
potential problems. 



FIGURE S-IS 

When you ara r catty far glue-, dip the paints af round taathpicks, 
wcdyi! ikn paint? in loose-fit Holes, moke adjustments for a good 
fit and trim back whan tbe glue Is dry. 


PROBLEM SOLVING 

* l think it lair to say that the innate character oi this proiecl 
is such that it nec-ds tn ha mads an tbe lathe. But what ta do 
if you haven't a lathe? Well, if you are really keen, you could 
possibly seek cut a lathe at the lncal school nr join a group or 
build your own lathe. 

»Being mindful that as wood dues it shrinks across the width 
of the grain, this is all the more reason you must use well- 
seasoned Wood fur leaking disks and wheels. IE you find that 
the wheels jam when you bung the machine into the house— 
Evan though they started, out as a perfect Sit—this is a good 
indication that the wood is still drying, shrinking and moving. 
Avoid using woods that are so inherently unstable that they 
never step moving. 

* If at any paint along the way you find that a component 
part splits at dcssn't seem to Want to come out right or looks 
wrong or whatever, always be ready to give it another try 
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PROJECT 10 


Flywheel Propeller Machine 


PROJECT BACKGROUND 

Tb:s machine 25 made up of two ];cy engineering devices, 
namely, a flywheel and a propeller. Flywheels must surely 
he qoe of the most cnmmpnly used engineering mecha¬ 
nisms ol ail time; they are everywhere... in clocks, in auto- 
mobiles, in motors, and in just about everything from toys 
and tools to tram cars and traction anginas. 

The dictionary says Df a flywheel: “a flywheel is a heavy 
wheel that stores kinetic energy and smooths the opera¬ 
tion of a reciprocating engine by maintaining a constant 
speed of rotation over the whole eye! 0 " (right). 


PROJECT OVERVIEW 

Have l good Jong look at the working drawing (Fig IO-IA) 
and the templates (Fig 10-IB). Mote that the propeller boss, 
flywheel, be31-shaped distance hubs at either side of the 
flywheel, pull cord ring, and ball stop at the end of the shaft 
are all turned. 

If you don't have a lathe, you can modify the forms and 
make them from flatwood cutouts. The efficiency of the 
movement hinges primarily on tho flywheel's precision 
and any nonturned modifications must be made with extra 
special care. 
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FLYWHEEL PROPELLER MACHINE WORKING DRAWING 



FIGURE LO'-1A 

At a grid scale of two squares 
to 1" the machine stands 6" 
high final the underside el the 
base through to the top of the 
IlywheoL, about 9" long, and 
about 6 H wide across tha span 
of the propeller. 
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FLYWHEEL PROPELLER MACHINE TEMPLATES 



FIGURE 10 -IB 

flie 3 cb1b is inur grid squares 
to 1”. Hats that the position of 
the aii holes on the arwhoel 
is IiEed with a compaas. 

A Flywheel. 

S Stanchinne (S>, 

C Spacers (2). 
e Pull ring 
E Bose. 

F Franelleis. 
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Use the scroll saw Lu cut out the profiles. 


CUTTING LIST 


A 

Flywheel 

2«G* G maple 

B 

Stanchions |S) 

Vi * B * 9 cherry 

C 

Spacers £E) 

l'A * i j a cherry 

D 

Puls ring 

FA * FA cheny 

E 

Boss 

1 * 1 beech 

F 

Propellers 

2— 'A * 1 * 3 beech 


Base 

Vi * S * 67, Leech 


Ball stop 

1*1 


Main shaft 

3"— 7V dowel 


Pegs 

G“-l/4" dowel 


Psxing pins 

round toothpicks 



CHOOSING YO0H WOOD 

Two const derat in ns inline need nnr choice of wood: the 
need fnr the flywheel to bo as heavy as possible and the 
fact that the wheel was going to he made on the lathe. We 
settled for European beech for the base slab. North 
American cherry lor the stanchions and the small 
turnings, and North American maple for the flywheel. 


□ Mark the position af the three holes: the 

Vs *'-diameter shaft hole and the other two holes 
at Vs" and 1W diarn stars. 


When both cutouts have been identically marked, 
run the holes through on the drill press. It's 
important from workpiece to workpiece that the shaft 
holes are the same distance up from tha base Sins., so 
spend time getting it right. 


H Pencil iabel the stanchions inr the propeller end and 
which direction the faces are looking, 

TURNING THE FLYWHEEL 

D Take your S 3 '-thick slab of wood, fix the center point 
by drawing crossEd diagonals, and thEn use the 
compasses/dividers to mark it with a circle at a little over 
5 71 in diameter (Fig 1D-3&). 

□ Cut out the blank on the band saw, and mount it on a 
3 dlam eter scr e w chu ck. 


MAKING THE BASE 

D Having studied the working drawing [Fig 10-1A) and 
templates (Fig 10-IB)., take thE Va”- thick slab of 
beech—the piece for the base—and mark it with all the 
measurements that make up the design. 

O Cut the base tn size with your chosen tools and sand 
it down to a smooth finish. 

□ Have another look at the working drawing (Fig 

10 -1A) so you know what goes where and how, and 
then use a soft pencil, ruler and square tn mark the base 
with all the guide and placement lines. For example, label 
the propeller end, draw in an end-to end center line, 
Establish the position af the two stanchions, and so on. 

MAKING THE STANCHIONS 

n Take your chosen piece of wood and transfer the 
lines of the design from the working drawings 
through tn the Wood. Tip: I usually draw the design up to 
full size on the work-out paper, make a tracing, and then 
usb the tracing tn Establish the primary rafarEnce paints. 
Some woodworkers paste a paper pattern on the wood and 
than cut through the paper, wood and all, 



Mount the whole works on the lathe, and check that 
you and the lathe are in good, safe working order. 


prv Position the tool rest over the side of the lathe, and 
IfM usd a large gouge to swiftly turn down the blank to a 
smooth diameter of a little over 



FIGURE 1 D- 2 A 

Fix tho esntar of tha slab by drawing crus&ad diagonals, draw out 
thE circle, and than clear thfl waste with Ike band saw. 
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H Move the rest over the bed u£ the lathe so you can 
work the wood face on, and use your chosen tools to 
turn off the face ni ‘he disk. 


□ Mark the cgntBr point with the toe of the skew chisel; 

then fix thE dividers to a radius ol about IVe", ahd 
mark the face of the wood with a 3Vi"-diameter circle. 
Note: the circle must be slightly bigger than the diameter 
of your screw chuck. 

D use the parting tool and skew chisel to sink and 

waste the center of the disk to a depth of at least ] A", 
Uring the whole central ama to □ good, smooth finish. 

O Usq the gouge and skew chisel to round over 

the edge so you have a radius curve of about vV 
(Fig lQ-fib). 

H Having fumed down one radius curve, flip the tool 
over, and star! the curve on the other side of the 
wheel (Fig 10 3). 


Spend time cleaning up one side of the turning (Fig 
ID-4) so the profits is crisp and sharp., and then 
record the diameter ol the sunken area with the dividers 
(Fig 10-5). Turn the wood over on the sc tew chuck, and 
rerun the Whole procedure on thE other side. 

When you have what you consider is □ nicely turned 
flywheel, nib it down to a smooth finish, and take it 
off the lathe. 
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FIGURE ID-3 

When you have completed the curve at due side, turn the shew 
chisel ■so it is no so down, ond tidy tip the V-sectioft midli no. 



FIGURE 10-4 

□se the porting tool to cleanup the edge of the sunken area. 



FIGURE 10-2B 

Use the skew chisel to out the quarter-circle curve that runs 
from the center line ahd around to the fim of the sunken nren, 

1 use the side of the shew chisel like e scraper;; il r E not very good 
for the cutting edge, hut it gate the job dona without the need 


FIGURE 10-5 

Be!□ i e yon turn the wnrhpiece ever on the screw chuck and work 
the other side, use the dividers to tokc a radius reading. 


(or changing tools. 
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FIGURE 1D-S 

Having used q compass to fiq the position of tfrq aiH holes, set the 
flywliEQl on a dish of waste wend, and run the holes through with 
a Vi" 1*It. Everything need* to be well clamped And secure. 



Use the compasses to position the six holes, and 
drill them with a V” diameter Forstner hit. Lastly, 


drill ant the central V/'-diameter Shaft hale (Fig ld-G). 


TURNING THE BELL-SHAPED SPACERS 

□ Have a look at the working drawing (Fig 1CHA] and 
templates (Tig ld-lD). Apart from the flyWhEEl, there 
are five secondary turnings: two he 11-shaped distance 
spacers—on® either side of the fly-wheol—□ ring that 
holds the pull string, a boss lor the propeller blades, and 
a hall stop at the hack and of the shaft. 



FIGURE 1U-S 

If your workpiece fa supported %n a chuck, you will he able to 
cut tbs titrni n gs dub place at a time from the Lathe, Note the way 
that wc achieve symmetry fry turning the two item* a* mirror- 
image profiles. The idea is that we move swiftly backward and 
forward from aide to side, aU the while making sura each stage 
is well mate fieri. 


H Hub down The turnings tn a sum nth finish., part them 
off from the lathe, and run them through with a Vh"- 
diameter hole—a hole to match the diameter of your shaft. 


TURNING THE PULL STRING RING 

n Mount your chosen length nf wood an the lathe- 
use a four-jaw chuck—and swiftly turn it down to a 
d iam at er of ah nut 1 : /V h (Fi gs 10 • 1A an d B). 


Take your piece of wood, for the two hell-shaped 
spacers and turn it down to □ diameter ot 1". 

□ Use the dividers to mark the cylinder with all the 
step-offs. Allow a small amount aL each end lot 
chuck waste, 1" for each of the spacers, and about W at 
center for part-off waste (Fig 10-7). 



FIGURE 1C>7 

When you havs achieved, the l^'-diameter cylinder, use the 
diiridBis to mark the stop-offs. Allow b small amount an each end 
Jor chuck waste, 1" lot each of the turnings, and about W' at the 
center lor part-of I waste. 

Q Study the shape of the bell (Fig 10-1 Fl). then use the 
small, round-nosed gouge and the skew chisel lo 
turn down the two little forms to shape (Fig 10-31 


□ Use the dividers to scribe the r length. Mark a 

center line with the toe at She skew chisel, and port 

off from the tails took. 

□ With Lhe workpiece stilt secure in the jaws of the 

four-jaw chuck, mount a T-diameter Forstner bit in a 
drill chuck at tho tailstock end of the lathe, and run a 
r-diameter hole through your turning (Fig 10-9). 



F1GUHE 1D-G 

DrUling out the ring using a taiistec fc chuck and Fcrstner hit, 
advanca the taiistock at a steady rata, ovary now and again 
pulling hack to clear away the waste shaving*. 
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FIGURE 10-10 

Although, aa the photograph shows, we ran the hale straight 
through the ring, it's really hast to support the nag by sliding it 
an a length of waste dowel. 


Q Naw rub dawn the turning to a smooth finish, and 
part off from tbD laths, 

0 Lastly, using the center line as a guide, and being 

sure to drili across the grain, run a Vf '-diameter hole 
through the ring—down through one side and on down 
through the other (Fig 10-10). 

TURNING THE PROPELLER 
BOSS AND MAKING THE BLADES 

O Mount your carefully selected length of 1" 11 1" square 
weed securely an the lathe. 

H hefore you go any further, have a ]nnk at the various 
drawings and photographs, and see that the boss is 
only partially turned—at the nose and the corners—with 
the sides left Hat. The idea is that the propeller blades can 
he more easily fitted if they are located on flats. 


When you have a clear understanding oi tust how 
tha wood is to he worked, swiftly turn off the corners 
□ i the 1" « l ,r square section. 



FIGURE 10-11 


Turn down the square section so there are unturned W-wide 
Oats On all kut sides. 



FIGURE 10-12 

nan a sharp fciiiJe and ■ sale thumb-hracail cutting action to 
whittle the blades Id shapa and siza. 


□ Bring !ha turning tn a good, smooth finish, and part 
oil irom the lathe. sink a /■="-diameter hole into the 
flat end of the boss to a depth of about Vs and run a W 
diameter halE through ene tint aids and out ef the othEr. 


□ Having used the dividers to mark a single l ] /;:"-]ong 
step-oil, take the skew chisel and turn down one 
end of the workpiece to a smooth, round nosed, or dome, 
finish. Make the nose about W Lung and the Hats about 
r long (Fig 10-111. 


□ Finally, wbEn you have considered the shape of the 
propeller blades (Fig 10-lB), take a knife and a 
couple of lengths of wood at about W thick by T wide by 
3” Jong and whittle The blades tu shape and size. Asm for a 
couple of well-matched paddle-blade shapes (Fig 10-121, 
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FIGURE ID-13 

When you have completed oU 
the com]: orient parts that 
make up the project, give them 
a goad mbdawnwitb the 
lincBt-gradc sand paper and a 
swift wipe with the teak oil. 

Be careful not to get the oil on 
stitfaecs that are to he glued. 


ASSEMBLY AND FINISHING 

When v du have madn all the component parts—the 
base .slab, twa stanchions, flywheel, two spacers, 
pull card ring, boss, p rn pel i or blades, and all the l it fie 
dowel pegs and pins—then comes the tun task ot putting 
everything together (Fig 10-13), 

□ Start by dry fitting and pegging the two stanchions 
in place on the base. Set the propeller end stanchion 
in place, and then slide the shalt through the bearing, and 
make sura it runs free and a any, 

Make sure the shaft is a smooth, accurate fit, then 
slide the other component parts an the shaft, drilling 
and pegging as you go, From the boss end, the order goes; 
frnnt stanchinn, spacer, fly-wheel, spacer, pull string ring 
and back stanchion (Figa ID-14,10-15,10-IB and 10-17). 

□ Chock the spacing and the movement and, if need 
be, rub down the shaft or the hales until everything 
is a smooth fit. You might also have to reduce the length of 
one or both of the hell- shaped spacers. 

H WJth all the components in place on the shaft, spend 
time adjusting for best fit. Make sure the pin-fixing 
holes run through the center Df both lhe component and 
the shaft. 

Fit the buss. Angie the propeller blades in the boss 
so they look like fan blades (Figs 10-13 and 10-19), 
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FIGURE 10 “14 

Fag the tint Btauchicm iu place, end elide the ehe.it and the firet 
spacer in position. 



FIGURE 10-15 

Do your basl In sbb that tha fixing pin runs be twee 11 rutliEr than 
across, the holes. 
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FIGURE 10-1G 


FIGURE 1047 


Cut olf the flywheel p in so th e wiise] is able to turn, and slide the 


Slide the pull ring in place, and then fallow up with tba 


other spacer in position. 


second stanchion. 


D When everything is a good fit, pass tire end of the 
cord through the pull hole and have a tryout. ASL you 
do is wind the siring gaud and tight around the shaft, 
firmly hold the base on the work surface—with your 
knuckles well clear of the flywheel—and then gsvc a grind, 
smooth pull on the cord. If all is wall the flywheel will 
spin Into action and than carry an spinning. 

□ Lastly, when you are pleased with ths running 

action, glue and peg everything into place, and give 
the whole works a swift wipe with the teak oil. Now the 
machine is iirnshEd and ready ior action. 


PROBLEM SOLVING 

■ If you like the idea, of this project bur cant gpt use at a lath a, 
you cnuld use chop-caught items for the turned parts: a large, 
wooden wheel (or the flywheel: a length from the end of a 
braomsticlr for the bass large wooden heads for the spacers 
and end stop and sd an. 

■ If yon decide to use a different wood for the flywheel, make 
sure it is a good weight and strong acrcss the grain. In the 
content of tlus project, avoid, loose lightweight wood like 
jatutoiug and ragged, knotty wool like pine. 

* Be careful not to gel the glue on areas that are td he ailed ar 
oil Dn areas that are to be glued. 

k If by chance your flywheel fixing hole runs across one of the 
six large holes, making the round toothpick visible, then glue 
the round toothpick in place, and cut away the bit when the 
tjlue is set 

' If you have a tail stack drill chuck, ynu could maybe modify 
the order of work and drill aut ths bell-shaped spacers while 
they are still on the lathe. 



FIGUHE 1048 

Trim* the propeller blade ends to a tight push fit, and glue them in 
place in the boss bates. 



FIGURE 1043 

Finally, glue fia lbs boss and tba tail ball with round toothpicks, 


and trim bach when thn glue i9 dry. 
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PROJECT 11 


Pyramid Roller-Ball Machine 


PROJECT BACKGROUND 

The sphere, er ball, is perhaps ere- of the most perfect and 
dynamic of all forms. Wheels, disks, spheres, balls and all 
circle-related ferms are complete, s sit-c on rained and full 
Ql energy. 

This machine is made up of fourteen balls: three groups 
af three small balls, pivoted and capturEd in Eha base frame, 
all topped off by five loose, larger balls, In use, the handle is 
rurnEd, with tbn overall effect that the three balls an the 
drive shait revolve and in so doing set all the other halls in 
motion (right). 


MAKING WOODEN MECHANICAL 
MODELS PROJECT OVERVIEW 

Have a good, long look at the working drawing [Fig 11-1 > 
and tba tamplatas (Fig 11-S), and nnnsidar how this ma¬ 
chine beautifully illustrates a number ol key engineering 
principles that have to do with bearings, friction drive and 
movement. And, ai course, it is also a machine that poses a 
number of pretty gritty engineering questions. For exam- 
pla. can you guess what direction the top balls will rail 
it you turn the handle counterclockwise? Dr what will 
happen if you top off the whole stack of balls with yet 
another ball? 
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PYRAMID ROLLER-BALL MACHINE WORKING DRAWING 



figure; 11-1 

At a grid scats dE two squares 
to 1", the laacfaiBB stands 
about QT high and SV P ” across 
tbs flats oi the frame. 
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PYRAMID ROLLER-BALL MACHINE TEMPLATES 



FIGURE 11-2 
The seals is two 
grid squares Id l' r , 

A Base frame 
B Large halls (B) 
c small sans <s;i 

B Fnnr bars [2|i. 

E HimUle cranlt. 
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CUTTING LIST 


A 

9nsc frame 

5 /n * 9 » 9 tulip 

B 

Large bads (5) 

2 * 2 * 16 beech 

C 

Sma.31 halls (9) 

2 * 2 « 36 beech 

D 

Foot bars(2) 

IV* IV* * 7 

E 

Handle crank 

l * 2 mahogany 


Pivot rods 

24"— V*' dowel 



CHOOSING YOUR WOOD 

This project calls primarily lor three wood types: a Strong, 
heavy, tight-grained wood for the base frame; a heavy- 
WEight sasy-tD-turn weed for the nine small halls; and a 
heavy, easy-to-turn wood lor the large halls. We settled tor 
using tulip for the frame, beech for all the halls, and ma¬ 
hogany for the crank handle. 

MAKING THE BASE FRAME 

After looking at the working drawing (Fig 11-1} and 
templates (Fig 11-2). selecting yonr wood, and |ast as 
carefully planning out the order of work, take the -/V'-thick 
slab of tulip—the pi one fartho hose—and fix the cantor by 
drawing crossed diagonals, This done, use the compass to 
mark the slab with an B"-diameter circle, 

□ Cut out the circle with your chosen tool. Now mount 
it securely on the faceplate. Use short, fat screws to 
minimize damage (Fig 11-3), 


Mount the whole works on the lathe, seL out all your 
tools so they are readily available, and check that 
you and the lathe are in good, safe working order. 

□ Position the tool rest at an angle to tbs bed of the 

lathe, and use a iarge gouge to awJItly turn down the 
blank to a smooth diameter of B”. 

□ Move the rest over the bed of the lathe so you can 
work tbs wood face on, and use your chosen fonts to 
turn oil the face and edge ol tfie disk. Aim lor an edge that 
is nicely rounded over af the working face (Fig 114), 

H When you are happy with the disk, rub it down to a 
smooth finish, mark the contc-r point weth the too Df 
the skew chisel, and take the disk oft the lathe. 

Q Use Lho compasses, square and ruler to draw all the 
Sines that makeup the dosign (Fig 1.1-2) and to fix 
the precise position ul the nine holes. Be sure to have Lbe 
straight sides aligned with the run of the grain. 

□ Having made sure that all Is correct, run the hales 
through with a lW-diamatar Fominor bit (Fig 11- 5). 
It's important the holes are well placed and cleanly cut. 

□ With ail nine ho tea well placed and cleanly cut. run 
the disk through the band saw, and slice away the 
two areas of part-circle waste. 




FIGURE 11-3 

Align th c fncuptntc with the center point, 
and screw It securely in pinna. Try to 
place the screws sc they occur in areas 
CS* waste, which arn to ha cut away. 



FIGURE 11*4 

Turn down the disk lo A smooth, round 
edged finish. 



FIGURE 11' 5 

Hun the holes through with the IV«" 
Forstner hit. 
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FIGURE 11-6 


Having made sure the workpfcc e Is standing situate and true¬ 
st thE drill bit is perfectly align Ed with the face al the wond- 
g elite hilly run thd pivot rod holes down through the thickness. 



FIGURE 11-7 

Q*c a hooked knife to carve the smooth-curved dips at the 
intEisEGtiDiis. Do net cut through into the pivot rad holes. 


Now far the maul diflicult part af the project] Lauk at 
the working drawing (Fig 11-1) and Tam plates (Fig 
11-2). The notion ol giving the base home two Hat edges 
that are perfectly square and pa vail el to each other has to 
do with the actual procedure ul drilling the pivot halos 
through the thickness of the wood. Without the edges, how 
else could you maka sura the hales arc aligned? 


When you have made sure the edges are parallel and 
marked as many guidelines as you think necessary, 
fit the Vi" bit in the drill, set the workpiece on edge—with 
blocks and clamps—and run tho pivot hales down through 
the wood so they are well placed In the thickness of the 
wood and. run across the cantors of the hales (Fig 11-6), 


11 


m Still working on the drill press, sink a W- wide, 
Uafl W-deep stopped halo a! the intersections between 
the holes, 


Taka the hooked knife— or you might use a scoop 
or spoon gouge—and carve away the edges of the 
W- diameter hale. Aim far a sculptured surface that runs 
In a smooth sweep from the top face of the frame down 
into the dip and up again (Figs 11-7 and 11- B). 


13 


When you have a good frame, rub it down to a super- 
smooth finish, and cut the two EitHie tact bars to tit. 

TURNING THE NINE SMALL BALLS 

centers by drawing crossed diagonals, and mount it 
securely on the lathe. 


n Taking your length ol 2" * a* square section beech— 
tin a length for the smell balls—establish the end 
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FIGURE 11.-8 

CtqsB section showing the depth bl tkfl GFirvcri dips. 



FIGURE U-9 

Mark the cylinder with all the divider atap'oEfa that make up 
thE design. 


□ With Lhc wood at a smuotb 2 /a”-diameter cylinder, 
set the dividers to 1 W and step off all the guidelines 
that make up the design. Starting at the- chuck, allow 3 A” 
lor chuck waste, 1W lor the first bail, l-/a rt for waste. IVa" 
far the second ball, W for waste and so cm along the 
length of the wood. Now reset the dividers to •A ' 7 and mark 
each step-off with a midline (Fig 11-3), 
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FIGURE U-ll 

Dd your bast Id makH sure Ike siring af balls ate wall matched. 



FIGURE 11-10 


Usd the parting teal to sink the waste to a depth, of about Vi". 




Take the parting tool and sink the hands ol betweeEl¬ 
ba!] waste to a depth of Va" so yon am left with a 
central core at about '/? (Fig 11-IQ). 


FIGUHE 11-13 

Drill out Iks '■/-diameter pivot bale; one the turned midline na an 
aliq n mcnt guide. 


□ When you are happy with the markings, take the 
skew chisel and turn down the ball shapes, The 
sequence of work along the length nf rbn wood is: 

• Hold the skew chisel hat on the workpiece—on the mid- 
line—on the first hall nearest the headstock such that the 
bee! is looking toward the bead stock. 

■ Lift the handle until the blade begins to bite, and then 
advance in a smooth Tolling action. 

■ Repeat the cut—from mid Line and down into the valley— 
until the ball begins to take shape. 

* Having turned down one half of the ball, move on to the 
next ball in line, and rerun the action. 

* Wbon you havo turned down the left-hand side of every 
bail, go hack to the first ball in line, flip the chisel over sc 
tbs bee! is looking toward the tailstock, and then rerun the 
sequence uE cuts lor the other side of the balls. 


When you have turn ad the whole string nf balls 
more or less to shape [Fig 11-11), go back to the first 
ball in lino, and use tbn calipers (Fig 11-13} and skew 
chisel—and maybe also a cardboard template—and 
fine turn each hall to the best possible shape and finish. 



Take the whole string off the lathe and use a 
fine-bladsd saw to cut the balls apart. 


□ Take the balls one at a time, set them in the jaws of 
the chock, and rub down the part-off points. 


□ Finally, ono piaea at □ tims, bold the balls in the 

chuck—this time with the midline in the horizontal 
plane—and use the tailstock drill chuck and rhe 
W-diameter bit lo sink the pivot holes (Fig 11-13}. 
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TURNING THE LARGE BALLS 

The main difference between the small and large 
halls is not sa much in the shape—although the 
small balls can he slightly fiat faced at the holes hut 
more in the turning tschnigun. For example, the small 
halls are turnEd oil as a string, while the large halls are 
tin ned off one at a time. 

Having mounted the wood on the lathe, cut a 
card board tam plate, and marked off the sequence 
of step-offs (Fig 11-14)—all as already described in tile 
previous section—lower the waste at either side of the 
ball at tho tailstock end. 

□ With rho diameter of the midline defined by the 
width of the cylinder and the diameter across the 
poles defined by the bands of waste, all yon have to do 
now is turn ufl the shoulders wdh the skew chisel, as 
already described. 

Having more or less turned off the hall nearest the 
tailstock—first one half and then the other—and 
checked it with the cardboard template (Fig 11-15), wind 
hack the tailstock so you can approach the hall and an, 
and carefully bring the ball to the best possible finish 
(Fig IMG). 

H Finally, part off the ball with the toe of the skew 
chisel, wind back the tailstock so the workpiece is 
once again supported at both ends, and rerun the 
sequence for tho other four ha 11s, 

ASSEMBLY AND FINISHING 

When you've completed all tho component parts that 
make up the project the base frame, two foot bars, 
nine small halls, five largo halls, little crank bar and pivnt 
rods—spread them out on the surface, and check them 
over for potential problems (Fig 11-17), Pay particular 
attention tD the movement of the small balls on the pivot 
rods. The three central balls need to lie a tight fit on tlve 
ririva rod with the rod being a loose fit through tho frame 
holes, while the outside balls need to he an easy-to-turn, 
loose fit on the rods with the rods being a tight fit in the 
frame holes. 

□ Start by gluing and pegging ths foot hors in place 
on the underside of the frame. 



FIGURE 11-14 

Use the sksw chisel to shave the wood tc a good, smooth finish. 



FIGURE 11-15 

Use a cardboard template to check the profile. 



FIGURE 11-16 

With thB workpiece still held firmly and securely in the jaws cl 
the chuck, back the tailstock ant of the way and two down the 
and face of the hall tn a goad proiile and finish. 

□ When the glue is dry, take the finest-grade 

sandpeporand spend time rubbing down the whole 
frame to a smooth finish (Fig 11-10). Pay particular 
attention to the carved dips on tbe rap and the inside 
edges of thE nine boles. Make sure llm pivot holes are 
clean and free from jags. 
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FIGURE 11-17 

setoit ad aecmpeoEErt NriB r afHlcbflcl{t&@DDnihii&itB 
and adEB awl possible faults, 


FIGURI 1143 

Hailii tBmfld and gliBi He loot bars bposEtioaaBf waited nr 
Ha Hue to ary. clean v tbs Birlus vltk a r»u «l lamupar. 


Having sanded the pivot rods so the halls are an 
Baey-to-turD iLt.flt the nine halls in place. The be&t 
procedure la to E-ll.de the rods through both the trams and 
the balls, fitting and easing as yon go. Continue fLttlng 
and modifying untLl everything cDines together. For 
example, yon might fit one ball, then decide that another 
1 b a better fit, then spend time sending a ball so It turns 
freely (Fig 11-19], and so on. 

□ When yon have fitted all nine halls and their pivot 
radE In place and glued the little crank handle on the 
central rod, give the whole works arubdown with teak oil, 
and burnish to a dull, sheen finish. 

Set the fLve large halls in place, turn the handle, and 
watch the movement o£ the balls aa they tevoIve. 


PROBLEM SOLVING 

■ ll ?oo like tbs Head OiLsprDjEct trutcant gEtusE nlaladiE, 
you cDold use sopp-hought tats anil setdE cot raaidna ooLy 
Qie frame. 

1 ll you necLdE tc use a fllGerEot wood. idi die tails, make 
aura It Is a. good. WElght, sLrsng across die gT-aln and suitable 
Cor turning. 

' Ee careful not to jet die glue oo areas dial debO to rerdve 
freely. A good tip Is to generously clL everything eicept 
die faces that are to be glued before you start putting toe 
parts togEthEi 

< ir you can't use a crooked, kolJE, you could use a scoop gouge. 


4 




FDGUBE 1149 

EirBrbnd wldi die 
pLaceoieot El die bails on 
tue pSTtft rtfs uDtei yvi 
achieve Die brat flt If need 
bo r ibb i Mi of sandpaper 
toe ah tteftt. 


110 PYHAMED HOLLER-BALL ^ACHIMEI 


Copyrighted Material 
















PROJECT 12 


Rack and Pinion Machine 


PROJECT BACKGROUND 

This is anc of our favorite projEcts. Hack and pinion Ls a 
device tor converting rotary movement into linear motion 
a rad vies versa in which a gear wheal—the pinion—engag¬ 
es with a flat-toothed har—the rack, When the crank handle 
is slowly turned—clockwise or counterclockwise—the cog 
wheel tooth ongago, with the effect that the rack slides 
along its frame 


PROJECT OVERVIEW 

Dcforc you put tool la wood, have a good, Long look at the 
project picture (right), photographs* working drawing (Fig 
12-1 Aland templates (Fig 12-1B), and note that the machine 
is made up of three primary parts:a small gear wheel,large 
gear wheel, and long, toothed bar. Consider how the two 
wheels are pivotEd an dowel shafts, with the smaller wheEl 
being operated by a crank and handle, See that while the 
rack noedsto bo a ntco, smooth- sliding fit between the bed 
rails, it also has to be held captive by means of a dowel rod 
that runs through tbs front rail, through a slot in tire rack, 
and on through into tho back rail. 



R AC K A ND P1 Ml □ N MAC H ] N E 

Irhsberrechtiich qeschutzte 


in 




Copyrighted Material 


RACK AND PINION MACHINE 



I1Z HACK AND PINION MACHINE 


Copyrighted Material 





RACK AND PINION MACHINE WORKING DRAWING 



FIGURE 13-1A 

At a grid scale of two squares 
to 1", the machine stands 
?W high and 9" wide, 

Nate that in aide view the 
design primarily U1C£ 
3 /* hl -ivide stack. 
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RACK AND PINION MACHINE TEMPLATES 



FIGURE 13-1B 

The 3 cb1b is four giid aquarsg 
to 1". Although it is important 
you da yam best ta copy the 
Ota tile and spacing dE the 
teeth, wc have shaped the 
design so thsia is plenty 
ol leeway. 

A Rack 

B Wheels (2). 

C Crank handle, 

0 Grant. 
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CUTTING LIST 


A 

Rack 

V* * l'A * 9 beech 

B 

Wheels (3] 

V- * 4 * 6 cherry 

C 

Crank handle 

1*1*6 walnut 

D 

Crank 

V* * 1 * BP/4 


Back plate 

a A * s * 7 beech 


Base 

L A *3*9 boech 


Halls 

3 A * 3 * 9 beach 


Washer 

3 /« * m * VA 


Hods 

34"— W dowel 



CHOOSING YOUH WOOD 

In this project the character oi the wood is important. 

The wood for the gearwheels needs to he strong across 
the short grain, and must he smooth grained, free from 
knots, attractive in color, and easy to work. We chose to 
use Worth American cherry for the wheels; European 
beech for the base, rails and back plate; Worth American 
walnut for tho crank handle: and various off cuts far all 
the little hits and pieces. 

MAKING THE BACK PLATE 

Take the T length of W beech at 9" wide. With the 
grain running from lop to bottom, use the pencil, 
ruler, square and. compasses to mark the lines that make 
up the design. Wc use an adjustable square and □ washar 
tor the radius curves. It's important the baseline is square 
and the pivot points are correctly pieced, so dnuble-chsck 
everything (Figs 13-1A and E and 13-3], 

O Having shaded in all thu areas that need to be cut 
away and pierced, use the drill and a suitably sized 
drib bit to drill pilot holes through all the enclosed 
"windows" oi the design. 

□ New cut out the profile, making sure the btado is 
running slightly to the waste side of the drawn line 

□ When you cut out the enclosed "windows," the order 
of work is: 

* UnhAch thE scroll saw blade. 

* Pass the blade through the pilot hale 
* Rafit and retonsinn the blade. 

H Now sand all inside radius curves to a good, smooth 
finish (Fig 13-3), 



FIGURE 13-S 

When you prepare to use the adjustable square to mark the 
dasign nu the wood, make sure you stait off with a square 
baseline and a reasonably smooth surface. 



FIGURE 10-3 

Wo uso a small rotary carver— a small drum candor—to finish 
the difficult-tn-reach, in side-radius curves. 
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FIGURE 12-4 

Fnrstnei drill bits are perfect for sinking smooth-sided, flat' 
bottomc d blind holes. 


Use the V” -diameter Fcratner bit ta drill the five 
decorative blind holes that makeup the design. Drill 
holes that ate about Vy' deep (Fig ID-4). 

Now smooth the hack plate with sandpaper. 



MAKING THE CRANK 

Wow draw out the washer spacer and crank, The 
washer needs te be I" in diameter The crank is 2” 
long Irom center to center, 1” in diameter at the big end, 
and W in diameter at the small end (Figs 13 1A and B). 

With all the lines of the design clearly established, 
run W'-diameter holes through the spacer washer 
and through the Mg end of the crank and a J /y-diameter 
hole through the smell end nf the crank. 


Use the scroll saw to cm out the two components. 


When you have completed the two cutouts, both at 
vy thick, run them through the hand saw—or ypu 
might use the scroll saw- -so you have two spacers and 
two cranks, all at about vy thick (Fig IE G). 


TURNING THE CRANK HANDLE 
AND MUSHROOM PIVOT 

D Take the 6" length of r * r square section walnut 
establish the end center points by drawing crossed 
diagonals, and mount it securely on the lathe. 


MAKING THE PINION 
GEAR WHEELS AND RACK 

□ Truce the gear wheel and rack patterns on to your 
■wood. It's important the teeth are accurately placed, 
so spend time getting It right. 


Cut out tha profiles on the scroll saw. 


Check fit the wheels and movement (Fig 13-5), We 
used □ couple of pencil stuhs—and check out the 
movement by turning the wheels by hand, Make sure the 
rhren primary nnmpenepts, tha two wheels and tha rack, 
are a good, smooth-moving lit. 



Having checked through your safety checklist, turn 
down the wood to the largest possible diameter. 


□ When you have completed a cylinder at about Va* 
diameter, take the dividers and mark the cylinder 
with all the step-offs that make up the design. Working 
from the railstpck end, allow ah nut W J for tail stock waste, 
IvVior the handle. 1V«* lor the pivet stalk, -/y for the little 
mushroom head, and A" for part-off waste (Fig 13 7). 


Sink the step-offs to the required depth, and 
than turn tha rounded shape of the handle, tha 
'/y-diameter stalk and the mushroom head. 



FIGURE 12 5 

Spend lime making sues tfag three primary cnniuoncnts, tha two 
wheels and the rack, are a good, smooth-moving fit, 



FIGURE 12-6 

The ugh of V* 1 *- thick wood allows for two Vi' F spacers and twe Vi" 


cranks—one pair far this machine and one for another project. 


Ht 
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FIGURE IB-7 

working from the taiJetuek end, use the divider* *o carefullv 
mark the cylinder with all tbe step-offs that make up the desiga 
Allow Vt " for tailstock waste, V/* n for the handle, r/t 1 ’ for the 
pivot stalk, Vt" lor the mushroom-shaped head, and WMor 
part-uFF waste. 



FIGURE 12-8 

When vou have sanded to a good Finish, uso the toe of the skew 
cbiael ta part aft the workpiece from the lathe. 



Sanri Mir turning and then part off so you frays two 
components: the handle and pivot (Fig 12-B). 


ASSEMBLY AND FINISHING 

D Mount the hacking plate on the base, position the 
two slide rails, and set tbs rack in place, When you 
am sure all is correct, drill and d&wai (Fig 12-9 J. 

□ With the rack a n:cc, smooth-running fit, not the two 
pinion wheels In place with a couple of temporary 
dowels, and tost nut the movsment, Turn ths small wheel, 
and mark any teeth that look to be a problem. 


□ When you am happy with the movement, cot the 
dowel rods to size, drill peg holes, drill out the 
handle fa-r the mush room pivnt, and sand all the parts (Fig 
12-10), use round toothpicks lor fixing everything in place. 


With tho back plate square to the basE (Fig 13-11) 
and the rack tree to move in its track, glue, lit. peg 
□nd clamp the project together ana let it dry. 



Finally, give the whole works a swift wipe with the 
teak oil; fit and peg the wheels, dowels and handle;: 


and the machine is finished. 



FIGUHE 12-9 


Place an4, align the base 
components so they are true 
to each ether, and drill out the 
various Fixing holes. 

(tup| Plan view showing 
per,Ulan of holes. 

(light) Cross section. 




FIGURE 12-10 

Check the component parte for potential problems. 



FIGURE 13-11 

Ee sure to check that the back plate is square to the base. 


PROBLEM SOLVING 

- If you want to make the uraiect hut can't get use of a lathe, 
settle for making the crank handle from a shop bought dowel. 
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PROJECT 13 


Pendulum Recoil Escapement Machine 


PHOJECT BACKGROUND 

The tick, tick, ticking that meaEureE time passing 1e con¬ 
trolled in the traditional clack by a mechanlEm known as 
the pendulum lecall eacapement. ThlE wonderfully simple 
device Is made up of a teethed, wheel on a pivot, a pivoted 
anchoilike form we term an anchor BEC-apement, a swing¬ 
ing weight cn an aim we call a pendulum, aod a falling 
weight that acts in, much the same way as a Epring. 

The working movement la beautifully simple: be the 
toothed wheel 1e Eet into motion hy the falling weight, or 
■spring." and the pendulum 1 b set swinging, the clawllke 
pallet fingers at the end of the anchor and the teeth of the 
wheel all complement each other in keeping the machine 
in motion Doe Bide of the swinging anchor gives a little 
push or recoil on the wheel teeth that in turn gives alLttle 
push on the other side of the anchor that in turn gives 
another push cn the next wheel tooth, and eo an. In this 
manner, the movement 1e paced by the tbcdII energy as it 
bounces backward and forward between the two compo¬ 
nents. Qf course, there 1e a great deal more to it than that, 
and if you are Interested go to a book on horology and refer 
to "pendulum recoil escapement." 

PROJECT OVERVIEW 

The Else of the pendulum, the length of the pendulum arm, 
and the slse of the 'epring' weight in relation to the swing 
of the pendulum ate all critics] factors that relate to tbe 
success of the movement. Get one or ether of the factors 
wrong—too much or toe little weight, not enough awing cr 
whatever—and everything grtndEtc a bait That said, if you 
have doubts about your skLlls, proceed anyway and view 
thiE whale project as a prototype—an adventure that will 
lead onto other things. 
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PENDULUM RECOIL ESCAPEMENT MACHINE WORKING DRAWING 
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PENDULUM RECOIL ESCAPEMENT MACHINE TEMPLATES 



FIGURE 13-E 

file scale is two giid s yuars s 
la 1" [A, E, C), The scale is four 
grid squares to r r fo, e}. 

A ThII, IreLlt!J fran:E= |21. 
FiamES m Between liEttEd 
fmrpEs 1 2 ), 

B Biann EJiatB. 
c Fancy plate 
D TOdthed WhsfiL 
e Anchor, 
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CUTTING 12 ST 

A TallltEtted dames [3] 

Vi K 4 K IEP/j plum 

Frames icbefiffEEn 

iretted names (2) 


a Elank plate 

Vt* 4 ■ 3 plum 

c Fbjlct plate 

Vi K d a 3 plum 

D Toothed wheel 

V* a aV* “ 2V* msnugany 

E Anchor 

Vi * £?/* k 3 l A walnut 

Spacer drum (3) 

i—1 

X 

H 

Ease 

V* a 3 L /*“ 6 cedar 

Pendulum arm 

lKl*I2hJ]lp 

FenduLum weight 

1* J K 4 tulip 




CHOOSING YOUR WOOD 

Being mindful that the wands variously need to be strong 
across the grain, close grained,freefromknots, attractively 
colored, and relatively Easy tc work, we decided to go far 
European tulip lor the pendulum; English plum for the 
trams mahogany for the toothed wheel walnut for thE an¬ 
chor* and pine for the dowels. That said, you could use ]ust 
about any weed type that takes your fancy, as long as you 
consider it structurally and technically fitting. Fnr exam¬ 
ple, If you are trying to cut costs, yen could use soft pine for 
the pendulum weight, aim, frame, and just about every¬ 
thing except the toothed wheel and anchor that need to be 
made from a dose-grained, dense weed. 

Note that we used a metal weLght (a brass him contain¬ 
er) for the "spring" tor the simple reason that we couldn't 
find a lump of weed that was heavy enough 


MAKING THE FRETTED 
PLATES AND BASE 

H Have a good, long look at the working drawing 
(Fig 13-1) and the templates (Fig 13-2). and study 
tbetwc views. Nate that we have cut through the views— 
through the height—so they fit on the page. Study ah the 
illustrations—the photographs and pen drawinga—until 
you are completely clear In your own mind as to how the 
various parts of the project coma together. 


When you have an understanding of what goes 
where and how, draw the design imagery to alze, 
make tracings, and transfer the traced lines through to 
your chcEen wood. Note that in the context of the two 
identical fcames—the two tall support frames—you need 
only draw the frame on one piece n£ wood. 


Take the two Lengths of wood that matte up the two 
primary frames and gin them together so the drawn 
Imagery Is on the top layer. 


Dn the drill press, use the W hit to bore out the 
eight flxlng-rod boles that occur at the top of the 
frame. Run the holes through both Layers of wood. Vthlle 
the drill is in use, run W-dlameter pilot holes through all 
windows of waste and W-dlameter holes through the 
bottom of the frame—for fixing the base. 

O Push dowels through at Least two ci the holes to 
ensure the holes and the cutouts are identically 
placed, and use the scroll saw to cutout the profiles. 

B To cut out the enclosed windows* the order of work 
is (Fig 13-3): 

1 Unhitch the scroll saw blade 
1 Pass the blade through the pilot hole. 

1 Refit and retenslon the blade. 

■ Cut out the wlndorw. 

■ Reverse tbE procedure and remove the wood. 

B Having fretted through both layers of weed, and 
removed the holding dowels, sand all the sawn 
edges—all the Inside and outside radius curves and 
straight sides—to a smooth finish. 



B To out the cradle plates that support the 
BEcapement, rerun the same procedures 




FIGURE ° 

T* plaice a wlaflow, ■bqicq m basile. pass n artiQi a ptiei 
bale, ratlldt and reratsko aort start then Rnsfee the 
encfldvrs whGiLtiie w Crate* kaiMn ErsrtBdovt 
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FIGOEE13-4 

Have a d Lai tltttig ns Qie two mam ifamai to the mee slab. 


O Cut the base slab to Else, and have a trial fitting of 
the two main plates (Fig 13-4]. Pencd label the 
underside of tbs base slab and tbs Inside faces af the 
framaa an you. can fit Everything bad; IntbE tame position. 


MAKING THE ESCAPEMENT 

Start by looking at this working drawing (Fig 13-1] 
and templates (Fig 13 t2) and noting that the 
escapement mechanism 1 e made up of three primary 
CDmpcnEntE—the toothEd wheel, the anchor with thE 
finger pallets. and thE cord drum— a]] supported on pivots 
and rode. 


New taltE your chosen piece of prepared W-thick 
wood and use the pend], ruler and compasses to 
mark the JIube. that make up the design (Fig 13-3]. Draw 
thE two circles—the large outer circle and the Inner 
circle—run 22 equal step-offs around the cuter 
cLrcumference, and then draw radius lines; and diagonal 
lines across the resultant Intersections, all as Illustrated. 
Although if e easy enough to work out wLth a calculator 
that each of the 22 stEp-cffs springs from a part-circle 
angle of 1G.3E3S' 3 , meaning 3ED divided hy 22 Equals 
1G.3E36, its net bo easy to divide up the circle as drawn 
on the wood. We found that the best procedure 1 b to set the 
dividers to a guesstimate Else and then to fix the slse of 
the Etep-offE by trial and error. 


FIGUHE 13-5 

Cat ourt thE tontlcrl wiLeo] with a series m straLtfUt cats. Make 
am UKpttahaBflccirH EhatlrciDlaaKB Hod. 


O Wlth all the Unas carefully drawn, move to the hand 
saw and set tc werk cutting the teeth 'Work at a slew 
pace, all the while making sure the tooth points ogcut on 
the outer clrcomferenoE (Fig 13-E). Be mindful that 
perhaps more than anything else, the eucceeb of the 
movement depends on the length and spacing of the teeth. 


FEGDI1E13-S 

rjso the llvHBfs b duck the various step-oils Our make up 
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To makE the drum and spacers, swiftly turn the 
wood down tc a 1W-diameter cylinder, and then use 
the dividers to step off the guidelines that make up the 
drum. From right to left along the length of the wood, allow 
a small amount for taLlstock waste, about vY'for the first 
rim, about 1" for the central area and another l A" for the 
□thEr iLm (Fig 13-E). In fact, the spacing LEJi't tea 
important as long as the total length of the drum is as 
near as possible to L L /i". Band the drum to a good finish, 
and then part off from the Lathe. 
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B Follow basically the same turning procedures iD 
cut the three spacer drums that held and distance 
the anchor on Its pivot. Turn dawn the wend ta a 
circumference af about W, and run it through with, the 
WhLt (Fig 13-7). Cut the two primary spacers to length, 
and then cut an extra length sc you can use additional 
slices as floe Eblm adjustments. 

B When you prepare tc malrethe anchor first ha^E 
a lock at the working drawing (Fig 13-1) and the 
tamplateE (Fig 13-E), and ebb that the characteristic 
asymmetrical profile needs to ha cut wlthafHJj dagiEE 
of precisian. 

B Draw the Imagery to shape and Else, make a tracing, 
and press transfer the traced Lines through to your 
chosen piece of wood Have the profile arranged so there 
ts a minimum of fragLle short grain at the pallEt points. Fix 
the pcEltlon of the pivot point and run it through with the 
l /* M -diameter drill bLL 



FIGUflE 13-9 

umiY Bfvalona tie way. stopaadneiasun ifie parts cotas 
touetbEi lor ag*o4 fit 

When you are happy with the image, use the Ecroll 
saw to carefully cutout the profile (Fig 13-8). 




FIG DUE 13-7 

fr tte bir ii tfea biiBbtd 4NB duct hi run tie pmr bole 
Ebnragb me |giql&nl tbs turning. 



FIGURE13-3 

When ?*■ Rqarf It riot oot tiie anchor escapement tie scrnlL 
Ban, Bukenn me thieel cirtlstmetotlie fhawnlloe, iDreabEBB 
the llDovlcbtle fracfLeoat to-tie waste eftEe of the drawi Iih. 


O When you have completed all thE component parts 
that make up the escapement—the drum toothed 
wheel, anchor and spacers^sllde the anchor and spacers 
In place on their pivot rod, fix the wheel to the drum with a 
couple of dowel pins, slide the drum rod In place, and have 
a trial fitting—|ust so you can see how all the rump on ante 
come together (Fig 13-9). 

MAKING THE PENDULUM 

Have a look at the working drawing (Fig 13-1), and 
see that the pendulum Ls made up of two component 
parts: thE disk or whorl, and the long arm. Note how the 
arm is EhapEd eo that most of the weight occurs at the 
disk end. 

B Take your chosEn length of 1" K 1" square section 
wood and turn It down to a smooth, round section. 

N cw take the akew chisel and start turning the 
spindle tc shape With the &plgot and large-diameter 
end at the headstcck end of the lathe, that turn the heavy, 
round-nosed shape and e&tahlL&hthe diameter of the 
spigot, and then matte repeated "dovmhJ]]" passes to turn 
the long, slender taper to shape (FLg 13-ID). 

Tc turn, the disk weight, take your chosen 
E" « E' square slab cf wood and then tlx the center 
point by drawing crossed diagonals, scribe out a 4W- 
dlameter circle, and cut out the blank on the scroll saw. 
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FIGURE 13-10 

Remove the waste with a tatig, slew, shaving cut. 



FIGURE 13-11 

The pcndulnm weight and the atm. Tit the two together so the 
grain runs across the width af the dish. 


O Having mounted the wood on ttm screw chuck and 
fitted the whole works on the lathe, take the gouge 
and swiftly turn dawn the wood ta a sraciath pill, or disk. 

Make ruts the wood is still secure, and then turn the 
edges lc a nicely rounded prufiie and rub down the 
face anti edge to a smooth finish. 

□ With what is now the hack of the pendulum disk, 
els only and crisply turned, remove and refit the 
workpiece on the screw chuck so the ulher lace is 
presented, and follow the turning procedures as already 
described. tlotu that we have given the front ef the 
pendulum a more adventurous profile—a nicely plumped 
□ut front with a dimple- at center (Fig 13-11). 

D Finally, when you have what you consider is a 

strung shape—with all iaces and edges being well 
finished—remove the workpiece from the lathe, and drill a 
W-diameter spigot hole at top-edge center. 

ASSEMBLY AND FINISHING 

When you have completed all the component parts 
that moke up the project (Fig 13-12), have o trial run 
and then do the gluing when all the problems have been 
sorted out 

□ Start by pegging the frames at either side of the 
base slab, as in our original tryout stage (Fig 13-4). 

□ Brill and peg the long spacer cylinder to the front 
lace ai the anchor, and test it out for fit and function 
(Fig 1343). 






FIGURE 1342 

Set out all th.E component parts, and check them over fci 
possible problems. 
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FIGURE 1343 

Make aura the toothed wheel and the anchor oscapamBut ara 
carefully, correctly aligned, Check against the working drawing. 
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F IG DUE13-14 

ealftar all Ba parts Baft late utterscanBor, and uks sire 
Bar at aorf. onae bgaour Jdcoly. 



FIGDEI1345 

Sat and nipporl Ua toot bad wbaal anti tbE inaii hlwaas Be 
cradle plates, ana ratiack Bat Dia pint Ls sDl Jr e? ribulig. 

O TakB thE two secondary "cradle" plates and the 

toothed, wheel-and-drum unit, fLt ttue pivot ind, diJ]] 
the rod holes, and generally maltE sure Lt's all going to 
come together (Fig 13-14], 


escapemEntls smooth and easy on its pivot (Fig 13-IE). 

Having completed the whole escapement unit, take 
ytmr knife and a fold af fine-grade sandpaper and 
gsnErally fit and fiddle untLl all the hearing surfaces ttiove 
with the mlnUnum of friction (Fig 13-1E]. Note that the 



H Set the wheel and drum In place—on the pivot red 
and In the cradle—and make sure thE anchor 


spacer cylinders are used to Ensure that the anchor 
escapement sits over the pallet wheel You might find you 
need extra spacers or you need to set the spacers In a 
different sequence on the plvntrod (Fig 13-17). 



FIE DUE 13-16 

n« bearing laeBi oiearidig Hie awing races that nbleoeBer. 
ued to ba abMlutety smooth. 



FDGOflE 13-17 

Sat tbacr adla *■ Iti suppej t nda and artiest Ba distance 
bEtweEQ tue Jroot sLal] aorl tbs front'll Betoeltad ihd, 
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FIGURE 1348 

■alts Mm me EnEuiAn aqmre am dm 
tvl9til «r9lffiW«L 



FIGURE 13-10 

Ease ttLE ULOVELL:?DC OLlfJl Efiff 3DCjL0f 3Bd 
Oh bemad wtmeE il mra Id banu«v. 



FIGURE 13-20 

Du Efts nnnd t+ttbpld&aataaworaiy 
mut4 wedges, 


New make sure the recoil, di movement, is running 
smoothly (FLg 13-1B). 

The movement of the anchor escapEment In relation 
to the teeth on the wheel Is critical, so spend time 
making fine adjustments (Fig 13-19). 


You might find ItnecesBary to use the fine-point 
rounded toothpicks as temporary wedge pine. Bet 
the frames the required distance apart and push the 
toothpicks into hold (Fig 13-BD). 


Dnceyou have all the component parts we)] placed 
now that the whole machine is up and running, take 
a fine-toothed saw—oryoumlght use a knife—and mark 
the )engtho£ the fixing rods (Fig 13-21). Alow about l /k' 
e.Ttra at each end of theroda so they atand slightly proud 
of the frame. 
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FIGURE 13-21 

Mart the rod taqaiwia saw cats. 


Have a trial fitting of the pendulum, and out the aim 
to length The pendulum needE to clear the base by 
about L /i". Now Is the time to search out a suitable weight 
and a length affine, Etrongoord. 


When you have had a trial run fitting, cut the various 
rods and pivots to length, and generally sorted 
Everything out, then disassemble the machine and rebuild 
using a small amount of PYA adhesive. Finally, burnish 
the machine with teak oil, fit the cord and the drum 
weight, and it's time to try yaur clack. 


PROBLEM SOLVING 

■ 11 you decLdE to use a stiderEDt wood, oiake sure It Ls straoj 
across tbs gra in. In Die cantartoC tills praj act. Its most 
Important too aTald words that are likely to sTutnk 
- Tne DTiEcnaolsm can only ran. tot a snort time, as me vrEipt 
has a limited tan, or Otcp. That said, too could modify tbs 
assign and hs“P a Jang lent by Having me machine banging on 
ole wal—Ukaa pBcimimn slack. 


PENDULUM RECOEL E 5CAPEMENT MAEKlNZ 129 


Copyrighted Material 















Copyrighted Material 


PROJECT 14 

Flywheel and Governor Machine 


PROJECT BACKGROUND 

When I was a kid, 1 loved fairgrounds and circuses. I was 
absolutely fascinated by ttia whirling, twirling halls that 
could he seen an the traction engines and statlnnaiy gen¬ 
erators that were need to power the various rides. The gov¬ 
ernor contraptions looted for all the world like little spin¬ 
ning men holding heavyweights ont at arm's length 

The mesmerising thing was that as the speed of the en¬ 
gine pinked up, the Little men turned faster and faster, with 
arms higher and. higher, until the weights—usually hrLght, 
E-hlny halls —were being spun around at shoulder height 
In dictionary terms "a governor is an automatic device 
designed to regulate the speed of a steam or gasoline en¬ 
gine or other prime mover." As the speed picks up and the 


spindle spins faster, the centrifugal force ot the flyweights 
being thrown up and out causes the engine to slew down to 
Its assigned speed 

Vflth our little machine, when the cord Is swiftly pulled 
and released, the flywheel Is set In motion, with the effect 
that the two weights fly up and out and cause the flywheel 
to slow down (right). 

PROJECT OVERVIEW 

This project requires turning on the lathe (Fig 14-1). Yon 
will see that apart from the two sp indLahShaft collars, the 
two linkup arms and the Ehop-hought dowels, Just about 
Everything else is turned on the lathe. 
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FLYWHEEL AND GOVERNOR MACHINE WORKING DRAWING 



usti&ii&s; 


FIG QBE 14*1 

uairH ualsil 
b l", tt» Hachlie stuuK 
itcQt (' m art bv." la v* 
iDdJIHlV, 
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FLYWHEEL AND GOVERNOR MACHINE TEMPLATES 



FIGURE iS-E 

The seals is two giid s guars s 

to r. 

a Disks 1.2 J. 

B FIywhsS L. 

C MaLe collar. 

& FRmalR fnllar 
E Linkup arms. 

F Weights. 

G Futlcnrd ling. 
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GUTTING U ST 


A 

Dihts «:a :■ 

2—l a ID ■= ID tulfp 

E 

nywiiEEi 

2 K 7 “ ? sycamote or Seech 

C 

meJe coGLar 

Vi k w* ■ av* psjm 

□ 

Female cdjiei 

Vi«iy*«2V+cLom. 

E 

Linton anna 

a— Vi «i k 2 l /i morn 

F 

welgius 

2 K 2 Seech 

E 

PuJLcord ring 

2 K 2 beech 


Centra] sJiatt 

wSJtE love] 


Support columns (3) 

Sark wood iowEi 



CHOOSING YOUR WOOD 

As always, when you arE choosing wood far turning on the 
lathe, yuu need La ask yourself at least three questions. Is 
the wnnd ea&y to turn.? Is the waad strung enough for its 
task? Ie the wnad suitable in. terms cf weight, color and tex¬ 
ture? Keep these things in mind when chaaslng weed. far 
the different partE of this project. 

MAKING THE TOP AND BASE DISKS 

Notice when looking at the working drawing (Fig 
14-1) and the templates (Fig 14-2) that the two 
turned disks have more or Ieee the same cross-section 
profile. They are about 9" In diameter, with a raised rim 
and center at about 7 /a‘ thick and a lowered moat between 
the tlm and center at about Vn" deep. Don't struggle too 
hard to turn two identical disks because, alter all, the 
greater part of the base disk is hidden from view. 


I 


Begin by taking one of the slabs and fix the center 
point by drawing crossed diagonals. This done, 
scribe out a 9"-dlameter circle, and cut out the blank on 
the scroll saw. 


Screw fix the 9' blank on the large faceplate so the 
screws are near the center, mount the whole works 
on the outboard end of the lathe, and turn down the wood 
to a smooth-fared, round-edged disk. 


2 


□ When you have turned a good disk, take the dividers 
and mark the three guideline circles that make up 
the design. Working from tbE center, you need e IVY-' 
radius for the central plateau area, a3 L /i" radius to set the 
width of thEmoat, and a 4" radius to fix the position cf the 
line on which thE three pillars are te he placed 



FOG OKI 14-3 

lowff aewNtanasi Lb>?situ aed tfea eeilv stand to ibBiI kry 
afttiiw. 



FIGURE 14-4 

Set tkdMdsfB h tbs railas or tbs uoEdtatba clrcls and sftst off 
all equidistant jmIbEb. Use Every other ptlal l»r tie polo bales. 


Having checked that the lines are correctly placed, 
lower the meat area by about l /e". The ral&Ed areas 


should run in a smooth curve into the meat (Fig 14-3). 
Mark the center pclnt of tbE disk. 


B Wlth tbE first disk made and off the lathe, rerun the 
whole preoedure to make a second disk. 

H Wlth the two disks being more or less the same Else, 
run a Vu"-diameter hole through the center point, 
and fit the disks together with anaLl or pin sc they are 
placed one on top of another—like a turntable. Make sure 
the top disk La uppermost. 


Having hist looked at thE working drawing (Fig 14-1) 
and templates [Fig 14^3] and seen hew the three 


posts are BEt equidistant around the circle, set your 
dividers so the radluE matches the distance from the 
center point through tc the outer-circle guideline, and 
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then pace off around, the guideline to make eh: equal 
stEpoffE, Mark Every DthEr step-oh so the gIxcIe la divided 
Into thiEE equal take-wedge slices (Fig 14-4). ThLa done, 
uae the pencil, rulei and compasses to mark all the ether 
lines that make up the design 


□ With all thE guidelines in placE, jeitiove the top 
disk and run the three poatholea through with the 
W-dlametErblt. While you are at It. run a single pilot bole 
through each □£ the enclcaed windows n£ wa&tE that make 
up the design. 


Set the top disk hack on the base disk and uae the 
three pcathclea you've already drilled to run halEE 
through the bottom disk. The procedure 1 e: dull cne of thE 
holea on through the bottom dlak, fix thE position af the 
hole hy pegging it with a dowel and then complete thE 
other two holES (Fig 14-5). 


Having drlLledthe three poatholea through both 
disks, put the base dlak to one side, remove the pin 
and shade in on the top dlak the windows ot "waste that 
need to be cut away (Fig 14-G). 


Move to the scroll saw and fiat out the windows of 
waste To cut out the endoaed windows, the order of 
wurk Le: 

1 Unhitch the edioU aaw blade. 

■ PasE the blade through the pilot hole. 

■ Ref Lt and retEnsLon the blade. 


■ Cut out thE window. 

1 When you have fretted out one window, reverse the proce¬ 
dure to remove the blade, and movE on to the next window 
to he cutout. 


After cutting out all three wlndowa, go over the 
piece lightly with the a and paper. Now drill two 
Vt'-dlametEr, Va'-deep holea—one down into the centst 
of the base alah and the other up into the center of the 
underside of the top slab. 

TURNING THE FLYWHEEL 

After looking at the working drawing croaE Bectlone 
(Fig 14-1 bottom tight), study thE overall shape and 
profile of the flywhEel. Note that although the form Le very 
much iLke a bowl—it has a ilm at the circumference, a 
Blight foot or atep -up on the base and a lowered or sunken 
area—Lt alao has the abdftLonof arataed dLas, or hub, at 
inside center. 


1 
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FIG DUE S4-5 


Taps rlawal Uunugk the ftrst 

bale tnhold Evejs’tlluia !■ 
place. aid tkei [frill «■! He 

OtlBftWO>bDlffi. 



FIG DDE J4-S 

Hark tba slaps nf tbs Ursa 
sjiakes and flu? shape of 
Eke windows, aid shade la 
De areas air Dsed to us 
cutaway. 


When you have famlllarlzEdyaurself with the 
form take the S'-thlck slab of wood and follow 
the marking and cutting procedures as already 
described. Atm to finish up with a disk blank at about 
G L /i" in diameter. 


□ In sequential order, mount the blank on the screw 
chuck and then mount the chuck on the lathe so the 
whale works Is safe and secure. 


Ftaaidno the tool rest over the bed cf the lathe, and 
set to work turning down the blank to size. The best 
procedures for setting out a turning of this character are 
to first run the parting tool straight into the wood to 
establish the- diameter, then true up the £bce of the disk 
with the large gouge, and then use the dividers to mark 
the guldElLnes. And, of course, along the way, you are 
Ewlftly turning off the large areas of waste, so you have to 
make repeated checks with the calipers. For example, you 
need to check the overall diameter, the depth from front to 
back, and ed on. 


B Having turned down the blank to a diameter of about 
5', marked the 2'-thlck edge with a center line, and 
used the dlvldere to mark the width of the ilm and the 
diameter of the central hub, uee the parting teal to rough 
out the Inside-bowl area. Being sure youi toolE are razor 
sharp, run the parting tool straight Into the wood to 
establish the depth and width cf the lowered area, and 
then systematically clear the waste with repeated 
sLde-hy-slde thrusts (Fig 14-7). 
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FIGURE 14^7 

Kb Qa pavtbii tod t» char tk» bih il tbrn wails. 


B With the bulb of the waste out of the way, use the 
tools of your choice to hung the h Lank to shape. 

I used the skew chLaeland the round-noBed gauge far 
Ebaplng the curved shoulders and the parting teal far 
ndymg up the hack ct the turning. 

Q Use the wire to bum in the decorative Eooich llne 
around rbetlrellke rim (Fig 14-S) and the Eandpaper 
ta bring the turning ta a superEmaath finish. If yuur lathe 
has a change of direction option, it's beet to ruh down in 
hath directions of spin. 

Finally, run a 2 /e'-diameter hole through the center 
of the huh. 

TURNING THE FLYWEIGHTS 
AND PULLCORD RING 


posts when they are eat tarnation. You can ueo different 
wood types for these parts. 

0 Mount the £" “ 2" square Eectlon wood hetween the 
chuck and the taLlstock, and ewlftLy turn it down to 
the largest poEslhle diameter. Take the partLng tool and 
the calipers and reduce a 3" length at. the tallstook end to 
a diameter of between W and Vo'. 


The fly walghts' shape la not too important, as long 
as they are not so large they clunk into the support 


8 



Ueb the dividers to set out the Etep-affs that makeup 
the design Work ing from the tallstock end, allow 


about W for the tails took waste, W each far the two 
halves of the first welpht, 3 /a‘ for the between-welght 
waste, two mere a /o" Etep-offEfor the second weight, and 
another L /z" far waste. 



Ueb the parting tool to sink the waste. Run the tool 
straight in so you are left wLth a central care at about 



FIGURE 14-S 

ISotd tho artUiDHwirei»yo« caaiswlifl? Istaoil Dn stkk 
bndesirtiBWIiiB soags. 



FIGURE 14-9 

mss tft« trail tie shew chisel ticitli EbuUlliss. 



FIGURE 14-10 

Tit mir way of xlliEio a vall-nullal mlrof lot ms is t» work 
ttavaj nib tor-image iu of Ud. 


l /i" diameter. Ueb the tee of the skew chisel to cut In the 
decarahve mldllnes (F'lg 14-9). 

O Naw use the skew chlEel to turn aff the round 

shoulders at the top of the weights. Being mindful 
that the two turnings need ta he identical, it's best to turn 
off the shapes little by little so they are leaking at each 
ether and are minor imaged. If you take a slLce off the 
left-hand shoulder and then a little aff the right-hand 
shoulder and so on, backward and forward, you are more 
likely to achieve two WBll-matched turnings. 
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Having turned all trie round shoulders on both 
turnings fFig 14-LQJ.use the fine-grade sandpaper to 


rub down Che whole workpiece to a smooth finish, and 


then pan off with a fine-toothed saw, 


D one piece at a time, mount the little turnings in 
the four- jaw chuck so they are gripped hy their 
stalks af waste, and use the skew chisel ta turn down the 
shouldered end to a smooth, rounded tin ash (Fig 14-11). 


□ White the workpiece is still held in the tour-jaw 

chuck, set the drill chuck in the tail stock end of the 
lathe, and drill the turning through with a W J -diamEter hit 
(Fig 14-12). Lastly, take the turning ott the lathe, and mb 
down the flat end to a smooth finish. Rerun this procedure 
tor the other turning. 



Having turned off the two flyweights, remount the 
other arid af tha turned cylinder in the latha—nrynu 


might be using another length of wood—and set to work 
turning off the pul] cord ring. 


With the wood turned down to a diameter of IVs\ set 
the dividers to V s " and mark all the stnp-nffs that 
make up the design. The best procedure is to set out four 
Vs' step offs, one at each end for waste and two at the 
center far the nng. 


Whan the guide cuts arc in place, take The skew 
chisel and swiftly bring the wood to shape. Simply 
lower the waste at each end, cut in tha decorative midline. 
and ttien round aver the shoulders. 


11 


When van are satisfied with the basic ring shape, 
tit the drill chuck in tire tailstock mandrel, set a 
diameter Forstner hit in the dril], and run a hole all the 
way through, the turning (Fig 14-13). 3e careful not in force 
the pace or damage the hit or the turning, The easiest 
method is to advance the hit a little, then withdraw, then 
wind back some more, until you reach the desired depth. 
Warning: ]f you try tn force the bit through in nne thrust, 
you are likely to burn the drill or split the wood, This done, 
hack the drill bit out of the way, sand down the turning to 
a smooth finish and then part off. Drill a YiF-diamEter hole 
through the ring—in one side and out the other. 


12 


MAKING THE COLLAR 
RINGS AND LINKUP ARMS 

□ There are two collars on tha eenLrai shaSt: a fixed 
female cellar at the top and a sliding male collar at 



FIGUHE 14-11 

Secure the weight jji the jawa of tha ehufctc, and alternately 
usd the ekaw chisel and sandpaper ta achieve a smooth, round' 
topped finish. 



FIGURE 14-12 

Hun the hate through with the ■/<."■rtiamotcr drill hit. Raving the 
hit hold in the tailstock drill chuck ensures that rite halo is 
perfectly placed, 



FIGURE 14-13 

If you cut the neck of waste at a smaller cure ilia meter than the 
diameter af the tltrou ffh-lmlE, the ring should came sway clean as 
you cemplHta tha hale. 

the bottom. The female collar is designed in such a way 
that its mortiselike flanges receive the end of a dowel, 
while the mala collar is designed so its tenon fits into the 
iernalu flange at tbE end ui the linkup arm. Nute that the 
two collars are more or less identical. 
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FIGURE 14-14 

the pencil,, ruler and dividcrs/camyassES to mark the shape 
at the two collars. Nats the dirEotion of the grain. 

□ When you have a cEoar understanding at haw the 
two collars function, use the pencil, ruler and 
compasses to mark them on your chosen niece of hard. 
Close-grained, knot-tree '/V-fhick wood [Fig 14-14). Note 
that the designs nand to be marked so the flanges are 
aligned with the run cl the grain. 

□ Stillusing the pencil, ruler and compasses, and still 
working on the W-thlck wood, mark the shape of 
the two identicol linkup arms. 


D Movb to the drill grass and run the collars through 
with a '/V-diameter hole at the center. 


Move to the scroll saw, and fret out the profiles. As 
you are cutting out the flanges, make sure they are a 
loose fit one within another. 
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When you have completed the four cutouts, sand the 
various flanges and Extensions so they arc nicely 
smoothed and rounded (Fig 14-1S). 


□ When you have completed the four cutouts, go hack 
to the drill press and drill Vis"- diameter holes at all 
tho pivot points (Fig L4-1G). Lastly, drill a single fixing hole 
through the top collar so it runs across the shaft hole, and 
them run as many weight-rsdneing holes through tho 
lntkup arms as necessary. 

ASSEMBLY AND FINISHING 

□ When you have completed all the component parts 
(Fig 14-17)—the base and top disks, flywheel, three 
poles, two linkup arms, two flyweights, two collars, two 
W rods that make up the upper arms and pull cord 
ring—set them orr the work surface and check lor potential 
problems. Then comes the fun stage of the first fitting. 



FIGURE 14-15 

Use the rotary tool to bring all the comers and. edges to a nicely 
rounded finish. 



FIGURE 14-16 

Sea Id it that the depth of tho joint is adequate. 



FIGURE 14-17 

Spread all Ike component parts out an the nark surface, and 
cheek them against your working drawing and templates. 


rial 
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H Having firs! laukEd at ilia working drawing [Tig L4-I 
bottom center} and seen how the main shaft is 
pivoted an a littla pin-and-tack bearing, tap □ brass pin ar 
nail into the bottom of the main shaft, and push a brass 
thumbtack into the bass hale. 


Q With the base slab flat on the bench, tap the three 
poles in place, slide the main shaft through the 
flywheel, and set the bottom end of the shaft in the 
center- ei-base hearing hnie (Fig 14-13). The shaft shun Id 
be a tight push lit through the wheel with the bottom ul 
the end protruding about Vs" or so from the underside. 

□ When you have eased the bottom of the shaft with a 
scrap of fine-grade sandpaper sa ir F s a smooth fit in 
tiie bearing hole, slide the pull cord ring and the two 
collars in position (Fig 14-191 See to it that the ring and 
the male collar are a lease, easy-sliding fit. 

□ With the ting and the two collars in place, rnh down 
six round toothpicks and then tackle one joint at a 
time. It's all simple enough, as long as you hear in mind 
that the joints need to be smooth and easy, with the pivot 
pins being a tight fit through tho two outermost halos and 
a loose fit through the innermost hole, continue one joant 
at a time, easing, adjusting and pencil labeling so you can 
repeat the correct arrangement the second lime around 
(Fig 14-201 

□ When all the joints are loose and easy, and when you 
have established tbH ful] extant of the rise and fall of 
the arms, slide the flyweights in place, and mark their 
position with pencil registration marks (Fig 14 21), 


With the trial fitting complete and the holes marked 
and drill ad, disassemble the machine and renin the 
sequence, this time gluing all Lhe dowel and pin joints. 


O Finally, rub down any rough dowc-l/pin ends, drill the 
pull string hale, give the whole works a generous 
wlpa with tiro teak nil, cut a pull string, and... wonderful— 
the machine Is ready lor action, 


PBOBLEM SOLVING 

* Whan attaching the base and top n Lanka ic the large 
facEpIstE, don't dace thE screws too near the edee rim. 

* i fse a strong, thin curd for the pull string 



FIGURE 14-18 

Eaio the hearfna hole and the 


□nd of the shaft sa the whole 
component spins lika a top. 



FIGURE 14-19 


Slide the ting and the cellars 
in place an the shall. The top 
co lla r Mads to he a tight lit. 



FIGURE 14-2 0 

Malts constant chocks In ensure that every joint is aqocA fit. 



FIGURE 14-21 

Maks sura tbs flyweights don't in any way restrict the movement 
□ f the arms or the circumference of awing. 
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PROJECT 15 


Cam Machine 

PROJECT BACKGROUND 

It's not simply that the movement is extra difficult or the 
design is ultracomplex or tire techniques are more compli¬ 
cate ri than the athe r proj acts; it's al 1 of th bs b and than samel 

As the eric yelope dm su rightly says. "a earn Is apart of a 
machine, or mechanism, used for transforming rotary or 
oscillating matlou by direct sliding ur railing contact into 
any prescribed motion of a second part known as a follow¬ 
er*' Dr, to put it another way, a cam is a rotating cylinder or 
plate with an irregular ptolile attached to a revolving shaft 
to give a reciprocating motion tn a part in contact with it. 

Cams are to he lound primarily in machinery where 
automatic control and timing are part of the operation. In 
simple terms,, when a cam revolves on its shaft, another 
mechanism, called a follower, stays In close physical con¬ 
tact with the cam profile, with the effect that its movement 
rehecLs that ul the cam. Fur example, if we have a true 
wheel on a shaft, and if we have one end of a seesaw press 
ing down on the wheEl rim, it's plain to see that the turning 
movement of tire wheel will have little or no etfect on the 
seesaw. But, then again, if the wheal has a bulge nr a stud 
set into its rim, Lhen every time the revolving bump ur peg 
comes into contact with the seesaw, the seesaw will jolt 
up and down. The predictable Jolt-jolt-jolt act tun is the 
mechanical h aproning that turns tha wheel-and’seesaw 
apparatus into a cam anil lolfower. 

Our machine is a disk cam with rollers, The working 
action is simple and direct: As the crank handle is turned, 
the two plate cams are set in motion and the wheels follow 
rhe cams, with the Effect that the frame and the shafts hah 
up and down (right). 

PROJECT OVERVIEW 

Although there is no denying this project is a challenge, the 
challenging aspect has more tn do with baing able to "see" 
the machine tn your mind's eye, and successfully putting 
ths parts together so the machine works, than with being 
able to pErfurm overly complex or complicated woodwork¬ 
ing techniques. 

It's important ta note that the success or failure of the 
machine depends almost entirely on tire two cam plates 
being accurately cut and placed. The trams have tc he 
spat on. 
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CAM MACHINE TEMPLATES 


FIGURE 15 -E 

The seals is four grid squaraa 
ta 1 ". 



Brackets . 
Chassis p]a f .as. 
wnaei plates (4;. 
Cams, 
crank. 
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CUTTING LIST 


A 

B rackats 

2— 3 A >: Bv.i * E pitch piun 

B 

Chassis plates 

2— V* * 2 T A * 5 tulip 

C 

Wheel plates [41 

V* ' IV: 1 20 oak 

D 

Cams 

Z—V* * B : /« f 3' A mahogany 

E 

Crank 

L A * l'A 14 2 1 A Blum 


Backboard 

3 A * 5 * 1G oak 


Base 

3 A * 5 « 3 oak 


Pngs, rods, shafts 

acid pies 

3 A" whits wood dowel 


Follow wheels 

2'A ■= 2 J .A - B plum 



CHOOSING YOUR WOOD 

As this machine needs he made with a. high degree of 
accuracy, it’s all the more amp nit ant your chosen wood ho 
hard, straight grained, easy to work, and free from knots, 
warps and splits. The wood needs to he stable and predict¬ 
able. With these factors uppermost in our mind, we decided 
at the outset to use European oak far the base, backboard, 
and wheel plates; plum for the two follower wheels; and a 
nice piece cf mahogany for the- two cam plates; and care¬ 
fully selected white wood dowel lor all the pegs, rods, shafts 
and pins. 

MAKING THE BASE, 

BACK AND BRACKETS 

D When you have studied the working drawing 
(Fig 15-L), the templates [Fig 15-2), and all the 
hands-un p hole graphs, use the pencil, ruler, compasses 
and square to mark the shape and profile of the base, back 
□labs and two brackets. Make sure the grain runs along 
the length of the back and base slabs and from front to 
back through the brackets. 

□ With the shapes carefully drawn, then comes the 
task uf fretting them cut. Na problem with the hack 
and base slabs—all you do is run the line of cut around the 
drawn linn and the job is done—but the brackets are a 
httle more complicated. The easiest procedure tor cutting 
the two brackets is to pin the two slabs of wood together, 
bore them through with the Vb" to W-diameter bit, shde □ 
length of suitable dowel in your chosen hole size, and fret 
them out an the scroll saw. 


AfLer cutting odt the two brackets (Fig 15-3), pencil 
label one "top"' and tbe other “bottom," Take the 
"bettem" bracket, draw la the line as shown [Fig 15-2 
bottom), and slice off the strip with the saw (Fig 15-4), 



FIGURE 15-3 

to ensure a goad profile and accurate hole alignment, pin tbe two 
slabs together, and have a length, of dowel running through the 
two hales. Yau will need to keep a tight held when the blade esits 
at the end □ F the cut when tha two pinned areas of wastE have 
been mere or lesa cut away. 



FIGURE 15-4 

Tha four largo component parts—the base, backboard and two 
brackets— showing a slice cut away from the bottom bracket. 



It all is well, when you place the brackets in position 
nn the backboard, the shaft holas should be 


misaligned or offset by the thickness oi the strip of waste 
you've lust cut away. When you are pleased that all is 
correct, sand down all fuur cut cuts—the base, hack and 
two brackets—to a smooth, round-edged finish. 


MAKING THE FOLLOWER 
WHEEL BOGEYS 



If yuu luck at the working drawing (Fig 15-1), 
templates [Fig 15-2) and photographs, you will see 
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i licit the two wheels that fellow the cam, called lull ewer 
wheels, are each held and contained in a frame, or bogey, 
that Is made up primarily from a long, bone-shaped 
chassis and two shield-shaped wheel plates, You will 
farther see that although each bogey is made up of an 
identical chassis ciitodt, the lop wheel chassis is Ear ranged 
so that it is offset from the bottom wheel chassis. The hig 
□ nd bulges on the top chassis face the backboard, while 
the big bulges on the bottom chassis face front. 

□ Take the wood von have selected lor the two bogey 
chassis plates, pin and drill them as already 
described for the brackets, and then fret thorn out on the 
scroll saw (Fig 1E5 -5), 



With the two identical chassis plates crisply cut out 
and finished, set them flat on the surface so the hig 


bulge ends arc looking toward each other, and pencil label 


them tor swift identification. It you look to the two cutouts 
shown (Fig L5-G) r best label the one in the foreground 
"top 1 ' and the other one "bottom.” 



FIGURE 15-S 

Having tliE holes drilled and all tbe dowels set in place-all prior 
to cutting—is the best way of making onto you linish up with two 
identical cutnuts. 



FIGURE 15-B 

Set the two cutouts flat sc the? are reversed and you knew wtiat 
goes whore and how. 


NOW take the wood pieces you have set aside lur the 
wheel plates and stack, pin, drill and dowel them in 
much the same way as already described sc you have a 
single eight-layer stack, 

H Take the eight-layer stack—with the design drawn 
on the top layer and the dowels in place—and run 
thorn through on the scroll saw so yon have ojght identical 
cutouts. Divide the cutouts into two stacks of four, anti cat 
o strip from one stack (Fig 15-7). 
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FIGURE 15-7 

□ roup the wheel plates in two stacks of laur, sat the dowels in place 
thrOUtfh one Stack, and mn that stack through On the scroll Saw. 



FIGURE 15-B 


Pair up the cutouts Jut best fit, Bud put tba waste strips to one 
side. One pair nl plates at a time, smear glua Dn mating faces, 
make sure the holes arc well aligned, and put the plates to one 
side until tbe glue Is dry. 


0 You should now have four complete shield shapes, 
Each With two holes' lour strips, each with a single 
hole; and four triangle shapes, each with a single hole (Fig 
15-B), Sot the four strips aside (two of those oro used at e 
later stage), pair the one-hole plates up with the two-hole 
plates so bottom holes are aligned, and glue them together 
as Shown (Fig 15-3). 
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FffiDEE15-9 

Baulifl hiDBddoffi tie w+o4 ht a wdl-DililDl cvlbrier asd 
ariUMfiH tka tllcltuBsatl lkfliAfl«b and ttu anas of part-off 
wastE, oisar the lah m tbs waste vria me (siDbo &jol 



Figaro 15-10 

nnora arts Holes tbroagb win tba L A p irii nil. 


Mb KING THE FOLLOWER WHEELS 
AND DOWEL-SLICE WASHERS 

Look at the workLng drawing [Fig 15-1). 


H Dnce you are satisfied with the finished 

dimensions of the wheels. us® thE parting tool 
ta part off the whEEle. 



Mount a piece of BW K 3 W plum on the lathe. 

With the wood In place on the lathe, take y duj gauge 
and turn down the wood to the largest pcBElhls 
diameter. Now take the skew Dhlaeland the calipers and 
carefully skim the weed ta a 2" cylinder. Bepieclae. 


Starting at the tallEtock end, use the ruler and 
dlvldere tc mark the cylinder with the EtEp-affa: a 
Email amount for tailEtack waste, 1 /e" far the hrst wheel, 
3 A" far parting waate, Wfci the aeccnd wheel, 3 /a" for 
parting waEtE, and the remainder tar another project. 


Take thE parting teal and alnk the waate to a depth 
of about V*", ed yon are left with a central cere at 
about l /i" (Fig 15-9). 


O Dn the lathe, drill a W-diameter hale through the 
length cf theprajEct (Fig 15-lDj. It's a straight¬ 
forward piccedure, ae long aa yau advene b and withdraw 
the drill in a serie s of Email atepa. Run tha drill in to a 
depth cf about W.than draw it hack tc clear the wants, 
then e ink the hale another W, then withdraw and clear 
rhe wente, and ed an until the hole la complete. 


Band down the part-off faces of the wheel to a 
smooth finish. 



FIB DUE 15-11 

&st*ital UiGcnitnjouean tarts, rib them Oman to a no ad tlilsl, 
and^Ddtliu maUDi surn jnuHavEul: made any hhbe--dp& 
Cat aD ma ndafltwBlB amf mgstoalzi. 
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Nov; take the large-diameter dowel ydll set aside lor 
the washer, drill it through with a W-diameter hole, 
and slice it off bka salsaii sa van have a selsctian □£ 
varying sized washers. 

ASSEMBLY AND FINISHING 

The best procedure is to first dry build with the 
tlght-push pegs, pencil label the whole works with 
registration marks, and then, when you are sure ail is 
□ □meet, begin gluing and pegging it tegnthar (Fig 15-11). 

Familiarize yourself with how the project fits 
tog at her. Mark nut the base, hack and two brackets. 
This done, having first drilled the da we l-fixing holes, dry 
fit rim parts in position, and drive the dav/cl pags hame. 



FIGURE 15-IE 

Fit the wheel slate on the side of the chassis, slide the axle rod In 
place, and set the distance washer nit the axle. 





Take the chassis plates, shaft stubs, wheel plates 
and Wheels—all smoothly sanded dawn and pencil 
marked—and peg them together Don't forget to have the 
wooden washer to une side ol the wheel so the wheel is 
offset in the chassis (Fig 15-12). If you look to the working 
drawing (Fig 15-1), yeu will see that with the tap Wheel, 
the washer is at the back so the wheel is pushed forward, 
while with tha bottom wheel, the washer is sot at the front 
so the wheel is pushed toward the backboard, 
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□ Diice the wheels and the washers are in place, sal 
the wheel plates firmly in position, and hold the unit 
secure with the dowel and oxle pegs (Fig 15-13 ). If you've 
got it right, the push-fit pegs should just ah out hold 
everything in place. While you ate working on the chassis 
buyeys, set the distance dowels through the width ut Lhe 
chassis and set them so they relate to the brackets and 
the backboard. If you leek at the working drawing (Fig 
15-1)., the template drawing (Fig 15-2) and the various 
photographs, you will ssc that flm tu notion of the distance 
dowels is to hold the chassis plate a set distance away 
from the backboard, while at the same time stopping the 
wheel frame from twisting. 


□ With the two bogey carriages camp late, slide 
them in place in the brackets, and set the drive 
shaft support post in place at the front of the baseboard 
(Fig 15-15}. 

□ Move the support past and sat the four frame dowels 
in place so the two bogeys are linked, spaced and 
aligned (Fig 15-IS). With the frame dowels fitted, ease The 
distance dowels so the whale follower frame slides 
smoothly up and down in the bracket holes (Fig 15-14), 



FIGURE 15-13 

Set the wheel plates firmly In position, and held the unit secure 
with the dowel pegs and axle. Then pencil label the pieces. 



FIGURE 15-14 

The distance teds need to be a tight Irtish lit through the width of 
the chassis sad set so the whale bogey is able to freely slide up 
and down in Ihs bracket hole. 
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FIGURE 15-15 

Set tbe shaft support polo in y Sace in 
rBactibBSsfartlia final fitting. 

Td fit Ihu cams, slide Che two cam plates in place an 
Ihs drive shaft dowel so they arE hnld apart with a 
umtahly thick washer—l use one of ihe slices cut from the 
wheel plates. Set the dowel slice washers at front and 
hack of the cam plates (Fig 15-17), end set the ivholE 
component part in place so it is pivoted between the 
back heard and the support past. And, nf course, if you 
need more or fewer washers, thinner slices or whatever, 
now is the time to prepare Them, 



FIGURE 15-18 

Add washer slices until each plats in aligned with its fallowsr 
wheel. Toil'll used to spend some time sanding and adjusting 
for test fit. 


FIGURE 15-X7 

With the cam plates on the drive shaft, 
test the movement with washots. 

O tiVhcu you have played around with Che arrangement 
nt dowsl-slice washers until tin? twn cams arc 
aligned with the follower wheels, and when you have 
popped the dowel pea through the two cams so they are 
linked and held together, spend time adjusting the twn 
wheel bogeys an their four frame shafts so the follower 
wheels aro in contact with the edges of the cams (Fig 
15-IB), Although you do have to do your best to achieve a 
good fit and finish to the whole machine, i chink you also 
have to accept compromises. For example, if the whuel 
pivots are slightly askew, you might have to ease one or 
other of the ports with tho sandpaper. 

H Whan you have achieved a spin nth working action 
with the irame being neatly lilted up and down by 
the cams, and when you have labeled the whole machine 
with as many registration marks as yau think necessary 
now is the time to glue it up. 

Finish the project with a rubbing of teak oh. 


PROBLEM SOLVING 

■ This is one of those wonderfully flexible machines that is 
open to all sorts of exciting design changes anti modifications. 
Far example, yeu conic use it to drive Due of the other 
projects, you could make it bigger or smelter, you timid have 
the chassis bogeys running on tracks, ycu could have mere 
cams and more follower wheels, you could redesign hie frame 
so rhar it is held horizontally, and so on, 


FIGURE 15-X8 

Slide ihs four frame dowels in place. 
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PROJECT 16 


Steam Crank Slider Mechanism 


PROJECT BACKGROUND 

The steam crank slider mechanism Is one at those joyous 
archetypal machines that sets me to thinking about steam 
trains and heavy industry, I'm sum ynu know what ■ mean, 
the good old had days, a time helore this, h el ore plashes 
and computers, when iust about everything to do with 
industry and plant was massively buitt in cast iron—lots al 
steam, grease, oil and noise! 

This is a great machine ta watch in actinn. When the 
handle is turned—either way—the crank moves backwards 
and tor wards, and the piston is set to moving on its 
guide block. 


PROJECT OVERVIEW 

Have a lank at the project picture (right), the working draw¬ 
ing (Figure 16-a A) and the templates [Figure 16-2B), and 
non how the stanchion and the guido tilork am liltsd to thn 
base board so that the piston block is nicely in line with the 
crank. See also how the crank rod is fixed, inside the piston 
black, so us to allow fnr the movement of both components. 

Although tire design is pretty straightforward—not too 
many precise measurements—you do have te be mindful 
that the relationship between the length of the rod and the 
] an gth o f rh e pi st on gu i de slot i s critical. That said, if you d o 
have doubts as to hew the various slots and pins work one 
to another, then it's always a good idea to sort out potential 
problems by making a paper, pin end cardboard prototype. 
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STEAM CRANK SIJDER MECHANISM WORKING DRAWING 


R 

tSs 



FRONT VEVf 




FIGOHE 1G-2A 

A. Rood d-tupped its D^Wcri. 
B FLrwbeei 
C Ea:e b-jirri. 

D Guide p!a it. 

E Grankind. 

F Guide blc-ii. 

G FLstcc bbcl. 

R Guide plait. 
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STEAM CRANK SLIDER MECHANISM TEMPLATES 



FIGURE 1E'3B 
The sbbIb Lb two grid 
sauarcB to 1 ". 

A Round-topped slanchLon. 
B Flywheel. 

c Rase soars, 
n Guide pin re. 

£ Grandad 
F Quids block, 

G ri±-CiUL LI jck. 

H Guide plate. 

I Spacer ring. 
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CUTTING LIST 

A Runnel-tapped stanchion V* * 5 * 5V: 

B 

Flywheel 

1*5*5 


C 

Rase hoard 

1" 4 * 13 


D 

GuidE plate 

Vi x Z'/z x 57: 


E 

Crank rod 

V, * V* * 7 


F 

Guide black 

1 * 2 •< a 


G 

Piston block 

1 * Z'/t * SVi 


H 

Guide plate 

B A * 2V t * 5V- 


I 

Spacer ring 

L A >- 1 * 1 




CHOOSING YOUR WOOD 

This is one ol those projects where just about anything 
goes—if you want to use pine throughout, or off cuts. Then 
line. That said, ii is important that both the flywheel and 
the crank rod he made from easy-to-turn wood—something 
like limn, beech or maple. It’s na goad trying ta turn 
knotty oakf 

We chose to use English brown oak for the base slab, 
stanchion and drive plates, beech lor the guide block and 
the piston block, and lime for the wheal and the rod. 

MAKING THE BASE SLAB 

□ Take the piece ol wood that you have chosen for the 
base slab, and use a rule and square to thaw it out to 
size at 3" * 12”. 


H Cut the wood to size, and uss a shooting beard end 
smoothing plane to bring the slab lu a good crisp 
finish (Figure 16-3). 



BeveS the edges with a block plane. Pencil label the 
underside. 


MAKING THE STANCHION 

□ Use a pencil rule and compass to draw the stanchion 
to size on the workout paper- make changes, to 
the pro fils it you have a mind to—and then use the same 
procedure to set the image out on your chosen piece 
of wood. 



Fix the position of the pivot point and run it through 
with a bit to match the diameter of your dowal rod. 


Use a scroti saw to fret out the form. Work at an easy 
paca.su that the line Of cut is clean and. fractionally 
to the waste side of the drawn line (Figure 16-4). 



FIGURE 1G-3 

Use a 5[Looting lmaid and a biudd thing plane to skim the edges to a 
crisp true finish, Reduce the friction by burnishing the cheeks af 
the plane with a white candle. 



FIGURE 1G-4 

Walk at a steady pace, all the while being ready tn move the weed 
so that the Wade is presented with *he Hue of cut. 


MAKING THE PISTON 
BLOCK AND SLIDING BLOCK 


□ Cut the piston block Id shape and size, and draw in 
the position of tbe guide rod slot. 



White there are any number of ways of clearing the 
slot waste—you can use a drill and/or a coping saw 


and sucli like—I found that the easiest way, In this 
context, was to use a router bit in tbe pillar drib, Brill two 
holes right through the piece—one at each end of the 
slot—and then run tbe router bit backward and forward 
from bote to hole until you ars through (Figure 16-5}. 
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FIGURE 1G S 


Run the wa rkpiecc backward and forward, while at the Bams time 

gently lowering the hit 


Gut I he piston guttle block to size and shape- 
meaning the black on which the piston black 
sits—and dry lix it In place on the base slab with dowels 
(Figure 1G-G). Fix the stanchion pillar in like manner. 
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Cut the two piston guide plates to size. 


Having first turned the piston rod to shape and 
rubbed it down an opposite sides, drill n hole into the 
end at the piston hSock and use a loose-lit pin to fix the 
rhin end of the rod in the hole. 


□ Modify the shape of the piston hole until the rod is 
able Id move up and down without hindrance 
(Figure 16-7). 


Finally, sit the piston black on the guide block, 
set the two plates one on either side, and run a 
dowel through the plates sa that the piston is contained 
(Figure 16-6). 



FIGURE 16-S 

Fii the components on the Jtaso hoard with dr? 4owcL Hole 
that Die line ai decorative drill sinkings was achieved with a 
Forstncr bit. 



The pin needs to be a tight lit through the block and a loose easy 
fit through the end ol the rod, so that the movement is Irea. 



FIGURE 1G-B 

adjust the tit of the plates end the length of the slot so that the 
extent at the run relates t □ the diam eter of the flywheel. 
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FIGURE IS 9 

Use the divide** to check oil measurements and to step-off 
around the circ-unif erencE. Hats the rounded flrnsh to thE top 
face dl the rim. 



FIGURE IE-IQ 

Use a pillar drill and a Fnratmar hit to run the holes through the 
thickness. Hota haw the turned line helps sat the position of the 
center points. 



FIGURE IE-11 

Rub the turning down at the broad eud=Tjntil there are two 
distinct flats, with the distance across tbs Rats being aqual to the 
diameter ef the turning at the thin end. 


MAXING THE FLYWHEEL 

n Take your piece of sawn wood at 1" thick and 
S"' * 5" square,, and check it ever far problems— 
avoid anything that looks to he split or knotty. If you have 
doubts, than ]nnk for snathsr piece. 


□ Draw crossed! diagonals across the 5” * 6" slab to 
fix the position oE the center paint. Scribe □ circle 
at 4-/a" diameter, and cut the blank disk out on the 
sc roll saw, 


O Mount the disk on the lathe and turn it down to a 
finished diameter of 4W at about Vs" thick. 


Use a parting taal and the stow chisel ta turn aff the 
profiles that go to make up the design. Aim for a rim 
at about Va" wide, with the central boss being about F 
diameter, with Lhe face nf the bass being about Va" luwer 
than the face nf the rim (Figure 1G-9). 
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□ Rub the disk to a smooth finish and remove from 
the lathe. 


Having first used a compass tn divide the 
circumference 01 the wheel into six equal segments, 
draw lines across the circle sn as to create a six spoke 
iurm. and then use tha bit size oi your chame tu run six 
holes through the wheel (Figure 1G 10 5 . 


FITTING THE CONNECTING HOD 


□ When you ere happy with the shape and finish of the 
wheel, and when you have drilled the holes Eur the 
central pivot and the handle, take the piston rod and 
Continue sanding the two "flats ' 1 down to a snicath finish. 


O Tbn host way forward is to rub rtm faces dawn on a 
lapping board—meaning a sheet of abrasive paper 
that has been mounted grit face up on a sheet of plywood 
C Tig Lire IE-11). Continue until the distance across tbc 
resultant flats is equal to the diameter of the rod at the 
thin end. 


Finally, have a trial fitting of the rod on the flywheel. 
If all is well, the wheel should be able to rotate with 
the flat face of the rod being in close hut smooth contact— 
no twisting. 
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FIGURE 1S-1S 

Try 04 t the movement, if j*|| Is well, the flat face el the ted will 
ran smooth against the wheel rim. 


ASSEMBLY AND FINISHING 

When you have achieved all the cumpunenL parts 
lhat make up the benign, then cnmn.q the tasting 
task u! getting it ell together, fun should have eight 
primary pans in all: the base slab, the stanchion pillar, 
the flywheel, the piston block, the guide block, the piston, 
and two guide plates, plus any other bits and bobs that 
you have the time and energy to moke along the way 
(Figure IB-13), 

□ Check the components over, and then use the finest 
grade of abrasive paper to rub them down to a good 
finish. Give all the surfaces—barring the mating faces that 
are to be glued- a swift mb down with a small amount of 
teak oil. 


□ When you ese happy with the finish, start by giuing 
and pegging the stanchion and the guide block to 
the base board. 

Glue the dowel in the canter of the flywheel, and glue 
and dowel the guide plates one at either side of a 
guide block, so that the piston block is nicely contained 
(Figure 16-14). 

O Sd the piston rod in place nn tbn ban rise dowel, and 
enter the tapered end into the piston block. Then. lit 
with a glued pin, so that the wooden pin is a tight fit in the 
block and a loose lit through the rod [Figure 1G-15}. 

□ Test out the movement by slowly turning the 

flywheel, li ail is well, the piston should he at the 
limit of its run when the rod is fully extended at the 
guar ter-past-tire-hour pas hi an (Figure 16-16). 

When you ate happy with the movement, then 
comes the enjoyable task oi fitting all the little 
embellishments that jolly up the design—the turned bead, 
all the little dowel stubs at the top of the piston, and the 
half-beads around the circumference of the flywheel. 

Finally, having first of all waited for the glue to 
set, give ail the surfaces another swift rub down, 
wipe on another coat of teak oil, and then you can set 
the wheel turning. 







FIGURE 1G-13 

Check all the component piitts 
nut far fit and finisII. Make 
butb mating faces ana flush 
and tmn. 
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FIG DUE 1644 

PR Ht lime ptata on me Glide Hock, set Oh Hiton la ptacs and 
push tba 'FJnf down] La posldnn. T« mliirvsll need to Basetba 
sloe s* name raova&Eitt li free, 



FIGDEE1645 

Paat tie wnlai pan tuougi die piston Mocat aad on ffifiuglt the 
kola at lie eart. of t&a wL 



FIGDEE 1646 

ll R laqi tv ■ban die handle li at He jaaitBf-nst-tbE- 
boar position. (baa chasten ore tbs End f tba slot urill seed to 
be Extended. 



FIGDEE 1647 

Wien 7<a ore turn wltu tbe til, nbae ADdaoCtboaroagb-pbi 
down to aaasb llolsli. 


PROBLEM SOLVING 

■ It you U te tbE ovEiall IdEa of the jna|Ect, Mt wool to raaiE 
soruEthLng -altogether moiE grand—say much bigger— do 
prablecD, as Song as you nieJ£E sura that Due diameter of tr.e 
flywheel, fie lEogth of tbs rad, and the length ot the piston 
blE-iK slot are ccmpaUbLe. 

■ While I uses the pio|ect as It stands, GUL lechons fiat it wouhl 
bE altogether more BicLtfiff if we bad asetoMcur JlyTrtieels 
and foot pistons* wish all the pistons sat so that they push one 
altar another. 5bE tblnirs that it would He more in heepiog with 
thEhEa7TebglbEEilbgtradltfib.]t sounds so easy! 

• n jnu ilrtE tbE notion m the prefer but ate rf- so teen cn. 
Troedturolng, too could, get away withcutting the wheel out 
on tbE scroLl saw ana using a ready made jEbgth of dowel Jot 
thE piston io a. 

■ 11 the piston bfich sticks Hetween tbE guide plates, then 

trylumlshIngthesi d e s ol tbE piston with asm-ail amount, 
ol bEESW-ai. 

■ 11 Oie cod Is too long to allow the plstoo blnch to get to tbE 
End of Its run, fien either shorten fie lengths! tbs coder 
Lengthen tr.E guide slot 

■ li you're a bEglnoEi to wDodturnlcrj. you cab take a Pom toe 
that one of tbE bEst Etfr-as la the lour-Jaw chucl. As yau can 
sae, it allows you to bold dlslt hi ante secutELy without the 
DEEd for screws. 
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PROJECT 17 

Differential Pulley Block 


PROJECT BACKGROUND 

"/hen we lived by e boatyard, I used ta watch in amazement 
at thE Launchings. Having spent Elx months huLidlng a 
wooden flEhlng trawler that wbe truly ae big aa a bouse— 
about ED'long with oakenriba aa thick aa a man's body 20' 
high ham kealta deck, all built on tap af a maaalve Iran car¬ 
riage—the bulldera would ueb a Eerlea o£ pulleys and levers 
to inch the finished boat out of the building shed and into 
the vrater. They made it leak ed Eaay! ThEy would hook one 
end af the pulley to the carnage, and the other end to ana of 
thahugE iron rings Eet mtn the qua 1 /aide. Then they would 
pump axvay at tba ratchet handle, and it was beautiful ta 
watch. Four mlddlE-aged men llttLe-by-llttle inching the 
big boat from thE ahEd and onto thE launching ramp. All cf 
it done with pulleys and levers. 


PROJECT OVERVIEW 

Look at the project picture ta the right, the working draw¬ 
ing iTlgurE 17-2 Aj and the design templates (FLgirrel7-2B), 
and you'll aee that the esEence of this project la making 
multlplaa ThErB are lata of turned pulleyE, whaela, greupa 
af Identical plates, sets cf holder bars and ed an. If you like 
making repeata, then you arB goLng to enjoy thia project. 

The ratchet la a bit tricky hecauEC it must be laid cut 
accurately with a compaas. Look at the design templates 
fFigute 17-EEi and acta how the wheel dealgn 1e achieved 
by EcnhLng radLua area arcund thE circumference af the 
circle ta divide it up into six equal parta. 

This project is designed to be hung cn the wall Lika a 
picture or apiece of Eculptuie. The holes in the backboard 
ate used aa hanging points. 
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DIFFERENTIAL PULLEY BLOCK WORKING DRAWING 


F 


J-flOiJ T VIEW 




TOP VIEW 



FIGURE 17-2 A 

Witb this project, leal free tn 
experiment with different 
sixes and thicknesses of wood. 

A Backbaaid. 

B Hatchet tmtnggei 
C Ratchet wheel. 

D HODH. 

£ Top gen g pu LSey plate. 

F Sw i ngi i:y gang pulley plats. 

G Hatchet stop plate 
H Handle ciank. 

I Holder bar. 

J n Late nr g disk. 

K Pulley wheel. 


IBB DIFFERENTIAL PULLEY BLOCK 












































































































DIFFERENTIAL PULLET BLOCK TEMPLATES 



FIGURE 17-2 B 
Tile scale is two yritl 
sauarcs tn 1”. 

A BacKbofU'rt, 

B Hatchet outrigger. 

C Ratchet wheel. 

Q Hncik. 

E Top gang pulley plate. 

F Swinging gang pulley plate 
G Ratchet stop plata. 

H Handle crank, 

I Hnldpriai. 

J Distance disk. 

K FulLey wheal. 
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FIGURE 17-4 

H You're now to the stroll saw, you might not know that tho 
rate of cut is governed by the speed at which yen advance the 
workpiece, To Levs mere central when cutting tight curves, 
simply slow down feeding the wood into the hied e. 

□ When you're satisfied with the shape, drill a W hole 
far Ihe pivot and a small linlc for the fixing peg. 

Cut the farm out on the scroll saw (Figure 17 5). 

MAKING THE HOOK 

Now comes the good fun of whittling the hook 
to shape. It's fun because it’s also a Challenge- 
Whittling a dense wood like plum ia always tough going. 
The only tricky part is you have to keep changing the 
direction of the cat as you work □round the curves. If you 
find yourself cutting directly into end grain, turn the hook 
around and cut from another rfirontinn (Figure 17-G). 

□ When you have whittled the hook to shape, wrap a 
fold of 5 a nd pap or around a dowel to help you sand 
the curves. Sand until ifs smooth. 



FIGURE 17-5 

First cut cut the disk, then clear each of the six pieces of waste 
with two straight nuts. 



FIGURE 17-6 

Work with a controlled paring cut, all Hie while making sure that 
you art cutting with the grain. 
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□ When you've finished giving all five pulley wheels a 
V-groove and one lair lace, place them one at a time 
in the four-jaw laths chuck and remove the waste until the 
rim and the central hose stand slightly above the center 
section (Figure 17-9), 

ASSEMBLY AND FINISHING 

□ When all the ports have been built—the hacking 
hoard, outrigger arm, three pear-shaped plates, 
two diamond-shaped plates, throe main pulley wheels, 
the ratchet pulley a cogged ratchet wheel, stop fever, 
winding crank, hook, three holding bars and all the other 
small pieces (Figure 17-ID)—then comas the time to put 
it all together, 



Check all the parts for problems—splits, rough areas, 
warping and such. Sand all pieces smooth. Being 


very careful not tc get any on the faces that are to he 


glued, apply teak oil to the pieces. 


■■■ Start assembly by fitting and gluing the top gang of 
LiiS pulley wheels in place on the backboard. The best 
approach is to lit the plates and the holding bars, and then 
attach the two policy wheals (Figure 17-11). 


Q Peg and giue the outrigger to the side ol the 
backboard. Set the ratchet stup in place an the 
board, fit the little black that limits the stop, and then glue 
the ratchet aewel in place {Figure 17-12). 



FIGURE 17-11 

Be careful when Frilling the duvrsL Only glue the plate holes, so the 
wheels are freo to move. 



FIGURE 17-ID 

When you've marts all the parts, Band them smooth, clean away 
the dust and then apply a small amount al teak or banish oil, 
Keep the ail off the faces that will he glued. 



FIGURE 17-12 

The little dark black under the ratchet step is a limiter. It keeps 
the stop from dropping down. 
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1110 fitting order far the ratchet unit an the dowel la: 
Dogged ratchet pulley wheel crania hold peg and 
handle dowel A email peg through the dowel holde 
everything in place [Figure 17-13 3 . 


The twinging gang—the unit with the single pulley 
wheel and. hook—is wonderfully eaey to fit All 
you do la aandwlch tha hook, pulley and apacer wheel 
hetween the two platen then glue the dowelplvota In 
place. Keep tha glue at the end of the dowels bd the three 
components at the center of the aandwlch are free to move 
(Figure 17-14J. 



FIGDBE 17-13 

Smear nine 00 aD oiatlng laces el the ratchet unEt—Uerakiet. 
pulley wheeL a aot: am The mile hdUbodnml You want the 
three cc-umooeiLta to more ae mm. 



FIGDBE 17-14 

ill three cowgnhfluta heed to be tree lunvluir wtt&dL the plates. 



FIGDBE 17-4E 


Wlaiyiita nappy wttn the 014 flrllasitaa bale into the 
ratchet pithy and Hie distance disk. Then attach the cord enla 
with glaa and pegs. 


□ Tc Install the drive cord, follow this road map: atart 
at the tap apacer wheel on the swinging gang, gc 
over and around the front pullEy on thE top unit, then 
down to the pulley on the awLnglng unit, hack up to thE 
bask pulley on thE top unit, and then finally round ta the 
pulley on the ratchet unit Ftt the ends of the cord by 
gluing them info pegged, drilled holes (Figure 17-lEj. 


PROBLEM SOLVING 

» liepeodhig amour chelae ol dri ve catd.ycu may need 
ta make the V-sectlao gTaoresonlhe pulley wheels 
slightly deeper. 

* WE relied. 00 a Cour-|aw chuck to make these parts, [C ycu 
daol hare one, yauH neel to either purchase due or work Id 
a way that suJts your lathe setup. 

■ In retrospect, GL1I. reckons. that this piu|sct iff ouLd hare been 
more successful If we had cnafleeveiythJDg much smaller. 
Yz-j might went to culld this at hall the Listed size. 

■ Whenyau come te lilting the ralchet wheel yau may find 
Lt necessary to use pencil, paper and a piece ot catdhoard to 
delerndoe the pteclse position of the stop anddloct 
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PROJECT IS 

The Eccentric Squirrel Fan 


PROJECT BACKGROUND 

The eccentric squirml fan 1 b a mechanism designed in 
draw In and compress large volumes of all using centrifu¬ 
gal force. If you want to ventilate a Ehip, factory or mine 
shaft, oi push warm atr from one loom to another, then this 
1e the fan to use. In use, the air is sucked In through Email 
vents at the Bides, compressed during LtE progress through 
the spiral and then forced out from the outlet mouth, with 
each wing of the fan acting as a valve. As to why it's called 
an ■eccentric squirrel" fan, I can't say for sure, other than 
thLElB the term and die spelling that was used by a certain 
Etr John Robinson, in 1050 or thereabouts, when he 
designed a revolutionary new warming and ventilating 
arrangement for his house in Edinburgh, Scotland. The 
spelling for ■eccentric" is weird hut correct 


PROJECT OVERVIEW 

Have a Look at the project picture fright), the working draw¬ 
ings (Figure 10-2A) and the templates (Figure 1B-2E). The 
fan Is made up frum a backing hoard, a frame plate and a 
baEe board, wLth the three components sharing the Earns 
profile. TTiIe was achieved by sandwiching three hoards 
and then cutting them out all uf a piece—wLth the resultant 
waste being used for a good number cf the other compo¬ 
nents The movement is echleved hy means of a drive belt 
that runs from one wheel to another, with the motive force 
being supplied hy the crank handle. The good fun thing 
with this project is net so much the smooth movement of 
the fan, but. rather in the making. I say this because, to my 
mind, there is something particularly pleasuresume about 
the procedure of cutting and fitting the fan wings so that 
they ate a tight dose f Lt within the frame plate. 
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THE ECCENTRIC SQUIRREL FAN WORKING DRAWING 




E 


FIGURE 18-2A 

A. Backing bserd. 

B Frams- plats. 

C Fan hub. 

D Hot- lie ft 7fh«L 
E Sena U heft irh# el. 
F Ciaoh boodle. 

G Base based. 
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THE EXCENTRIC SQUIRREL FAN TEMPLATES 



figuiie 1E-HB 

The scale is two giitl 
sguaiBBla V. 

a Backing beard. 

8 Fiame plate, 
c Fan tins. 

D Huh belt wheel, 

E small tell whflfl]. 

F Crank handle, 
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MAKING THE FAN WHEEL 

of a little under l-/ito draw out a circle with a diameter 
nf £W'. Craw an inner circle at ah nut V' diameter. 


n Take the wood that you have chosen to use tor the 
Ian huh and then, use the compass fixed at a radius 


Run a hole through the centeT of the drawn out 
circle to match up with the diameter of your chosen 
pivot dowel. 


■q With the compass still set at the radius measure- 
mim merit, first step off around the circumference so that 
you have six equal divisions, and then halve the divisions 
so as to divide the circumference into twelve equal parts, 
like the taco of a clock. 



Draw lines from the circumference intersections to 
the center—just iike thu spokes of a wheel—and then 


move to the hand saw and run straight saw cuts along the 
spoke lines, stopping short at the line ol the inner circle. 


□ Lastly, move to the scroll saw and col around the 

outer circle so that you finish up with the huh wheel 
(Figure IB-5). 


Take the wood for the wing flats and plane it down to 
a thickness of about Vi&'\ Cut the wood into twelve 
identical lengths at a tittle under Vz" wide and lvV long. 

One piece at a time, take a small sharp knife and 
shavo away the thickness at one end, until it is a 
tight push lit in the band saw cut (Figure IB-6}, 


MAKING THE BELT WHEELS 

Having first used a plane to thickness your chosen 
wood tn W”, then use the pom pa os to set out the two 
circles—lVo” diameter for tfie large wheel, arid W 1 for the 
small one, 


Cut the two circles out on the scroll saw. 

One blank at a time, take the knife and the riffler file 
and cut and work the V-groove (Figure 1G-7). Run 
three pencil lines around the thickness of the wood so that 
you have four bands—two equal; outer bands at '■/•/’ and 
two inner side-by-side hands af'/:-r. Run a stopeut down 
between the two W‘ hands, and cut into the stop-cut to 
make the V-section. Do this on hath wheels. 
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FIGURE IB-5 

First cut the slots and then cut unt the circle. This way af working 
allows yon to conccfly align. the band saw cuts Wall before they 
enter the circle. 



FIGURE IB-6 

Shave the wood on hath sides so that each wing is a tight push tit, 
Jl yon are using a hefty saw blade or thin veneers, then yon could 
maybe miss out on the shaving stage. 




FIGURE 10’7 

□so a knife to cut the V-groove, then run the riffler file over and 
round—always working with the run af the grain. 
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FIGURE 13-8 

W«rk with a tight paring stroke—as if you were paring a 
small apple. 



FIGURE 13-3 

Sand the peg to a round section so that it's a loose Tit through the 
knob end a tight lit in the crank hole. 


MAKING THE CRANK HANDLE 


Plans the ehosan wood tn a thickness of about a /n'\ 


□ Run a center line dawn the width al the wand so that 
it is aligned with the direction of the grain. Then use 
tbc compass, rule and pencil tn sof out the design. 


VH With a drill bit to match the diameter of your dowel 
■ I run holes through the twe pivot points. Then fret the 
profile out on the scroll saw. 


Use the penknife to whittle the arm of the crank to a 
round section finish. Work from end to confer sn as 
to avoid running the blade Into end grain (Figure 1B-B). 


Having mode the knob—I turned mine, but you could 
just as well use a found bead -take a little scrap ot 
sasy-to-carve wood and make a little pivot pin tn run 
through the knob (Figure IB-9). Work the whittling wit ha 
knife and fine■ grade sandpaper until it is a tight fit in the 
crunk and a lease lit through the knob, with the swelling 
at the end. of the pivot acting as stop. 
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ASSEMBLY AND FINISHING 

D Take all the component parts and check them over 
far passible problems—pay particular attention to 
the fan hub. See how I trimmed back the width of my base 
board by about 2" so that it looks mors balanced. When 
you are happy that all is correct, then comes the time to a 
have a. trial run putting together, 



FIGURE 13-10 

The frame plate might wall warn when it has. been cut. If this 
happens, then yau will need Id ease it to (It. 



FIGUHE 13-11 

Trim the wings an bath sides, end set them in tbe slots so tbat 
they are in alignment with the radius lines. 
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□ Position the face frame plate on the backing board 
and mark its position. Establish the precise position 
af the two wheel pivots, and run them through with a hit 
size to match your chosen dowels, 

SeL the frame plate in position on the hack and run 
selected fixing holes through the thickness of the 
backboard. Tix the frame with throe or tent cocktail-stick 
pins (Figure 18-101. 

O set the wing ilaps lathe huh slots, and make 

adjustments (Figure 18 11) until the total diameter of 
the fan makes far a tight tit within the iramo plate. 

H Place the drive baft wheel on the top face of the huh, 
and fix it with wooden pins (Figure IB-12). 

□ Once thE tan wheel is in place, drill the rest oi the 

holes through the base hoard. If your trams warpad, 
you might need to lid rile around tor besL ill (Figure la-13). 

Shdo the spacer wheel un the drive pivot (Figure 
18-14), anti then fit the crank and wheel unit. 

H 'l’ake a waxed twine and cut and knot a two-strand 
drive belt to fit. 

□ Finally, disassemble the components and work 

through the usual procedures of fine sanding, oiling, 
gluing and waxing, 

PROBLEM SOLVING 

* One of the higgast difficulties with this project as choosing 
the wood for the lan Wings. Net only do yen need a wood that 
is straight grained, with a lot n( strength along the nun oi the 
grain, hut the wood must bE relatively easy to place. I chose 
ash, but you could just as well yo ten beech, maple or some 
types of pine. You could even buy ready-cut veneers and 
sandwich them, to make the thickness 
■ Ee very careful when you are cutting the trams plate that 
you don't break thE Id mi across the short grain. 

■ Use wax-lined cord for the drive belt, or even one -oE those 
little track bEtfs from a child's construction kit. 

* When you are working dm V-seetton wheels with the iltiler 
file, yen will need to change your approach to suit tho nm of 
the gram For example if you arrange your disk blank so that 
the grain runs from 6 o'clock to 13 o'clock, then you will have 
to work up ar.d down From 3 □ slock and 9 o'clock. 



FIGURE IB-IE 

The boh whool is host fixed in place with a couple of pcgi— the 
idea being that you then don't have tn worry sc much about the 
fitting at the gluing stage. 



FIGURE IB-13 


The frame might need to he repeatedly eased to fit. 



FIGURE is-14 

It's important that the spacer stands slightly proud of the frame 
plate so that the ttank hatldlo is lifted fractionally clear of 
the frame. 
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SIX VALVE RADIAL ENGINE WORKING DRAWING 



FRONT VIEW 



FIGURE 19-2 A 
A EngLnb Ludy. 

E BacKlng flLsJi. 

C CTant ri; 35 h. 

D FLStDfiS. 

E Spacers 
F Babe mDliiTtb. 

G Bases Lai:'. 

H PLstDnrnds. 
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SIX VALVE RADIAL ENGINE TEMPLATES 



FIGURE 19-SCI 

The scale La two yrid spaces 
to 1". Note with the engine 
disk bora the design ia baaed 
on a hBi farm, with the 
ste^ofls bring established 
hy making radius ares. 

A Engine body. 

9 Backing disk, 

C Crank disk. 

D Pistons. 

E Spacers. 

F Base mounts. 

G Ease 6Lah. 

H Piston rods. 
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CUTTING LIST 

A Engine body 
B Easing dJ5b: 

c ctankdlsK 
□ FlStaOS 
E SpBCBJE 
F Eai* IDEUDlS 
G Base 5]Btl 
H Flat no rods 


IV* >, ID '10 lima 
Vi “ 10 K in pLywocd 
1V+ “ 2Vi K EVi die err 
IV i =“ IVj a IVj walQUt 
Vi- 1-1 

□itcuts at dEecn 
1*5“ TVibBeflL 
thick plum 


CHOOSING YOUR WOOD 

The choice of wood 1e goysrnEd almost Entirely by techni¬ 
calneed. The wand needs ta he easy ta turn arid strong. Far 
these reasons, I chase ]Lme fai the main englnE bady, thin 
plywood for the backing disk, beech for the base and the 
EldE mounts, a dense African walnut fai the pistons and 
plum for the piston tads. The pieces that pose the roost 
challenge a je the piston rods The wood fai these needs to 
be Etrong even whEn it's cutlnta thin sllcea. 


MAKING THE BASE 


□ Takethe T-thick slab of wood fur the haae and plane 
It dram to a finished thickness of a /* M . 


Use a square, rule and compass to lay out the design 
on the wood, then out ltta shape on your scroll saw. 



Band it ta a smooth finish 


Gut the twa Little mount wedges tu shape and else, 
so the top curve La a partial circle that comes from a 
cLrcle with a radius u£ 4vY [Figure 10-3]. 
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MAKING THE ENGINE BODY 

□ Take your ID" - 10" slab of wood and draw crossed 
diagonals ta find the center paint. Set your dividers 
ta a diameter of 4V*" and scribe a 9VV'-diameter circle. 



Use a 2VY"-diameter Furstner bltta dill! through the 
center of the blank. 



FIE DUE 1M 

Set the vb 4 obi to tie base » Hat tie uart-clrcanilereocE eitvss 

lit a B r -TUiUL!.Et:?t GlSlrl 



FICUBE 19-4 


Tbewliole pncriirfl eltomlDfl the nglu disk LsiHirta bbbt iy 
tie use ofa tmn-|aw ciadcTia wll oEerlto tin tbs laweaimuid 
BDtkatth BtapilRiiitii tbs Sole atths ceotni nl tlie clrota so 
Elat tie laws arlp wiea nay are wound apart. 


ChangE the Jaws nf your Lathe chuck so thE^TE in 
thE Expanding mode. Mount the disk an the lathe 
and turn it down to size: T /c" thick and 9" in diameter 
(FLgure 19-4). 
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O Turn the finished disk over In the chuck. Cut a guLde 
line around the circle about Vn" In from the edge, 
then lower the face cf the lEsultlng SW-dLametEr circle 
ta a depth of l /n" ar the thickness of the plywucdyou'iE 
using. The Idea Is tu fLt the plywood disk Into the recess so 
it's contained. 


B Wlthycur compass set at a ladLus of 4 L /i", make six 
equal atep-offs aiuund the circumference. Then use 
the six points to draw in all the details of the design (see 
Figures 19-2A,and B). 
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FEGEJEI10 6 

iHUMBtrtibttintttiahifeicfi tgbnclanftBiHHie at«ut 

Dlld DJ tUB C13DQI0. 


FEGEJBI 19-G 

hsailgkDr keavlirUadeb&iff ifta erlges al hie 0ston 
cLaodieas m tfiaruflyva luBimat mita»alasbtta‘lac» 
ofUudkL 



Use a lVu'-dlameterForstner bit to drill out thE 
platan Camber balsa (Figure 1S-E). Dill] twc ba lsa 
for saab chambsi 


□ When ycu have marked nut the dsalgn and drLUed 
out the ends o£ ths platan chambers, uEa a scroll saw 
ta cut out tbs rest of ths dEElgn (FlguiE 19-6). Make euje 
the eawn edges are clean and crisp and at right anglsa to 
thetaos o£ tbs dlEk. 


B Finally, uee progTEEElvBly finer grades af Eandpeper 
to get a Emcoth finish. Pay particular attention to tbs 
EtdEE af thE piston ohamberE (Figure IB-7). 

MAKING THE BACKING DISK 

D On tbe plywood, draw a circle that matches the 
turnEdtecesa, and cut it out an the Ecrall aaw. 


Study the working dravjlng, nn tmg hnw tbE slats on 
the plywood disk relate £□ themovEment af thE 
piston centers. Using a pencil, mis and compass, mark the 
position of the slats Maks tbs slats Ellghtly wider than tbs 
diameter of youxplstan-center dawels. 



Gut tbs slats out an tbs sc: oil saw. The beet way La ta 
drill two boles In each af the drawn Elots, one at each 


end. Detach the saw blade and pass it through the hole, 
reattach and tension tbs blade, then cut out the Blot 
(Figure 15-B|. Remember ta drill a bale through for the 
crank disk pivot 


B Finally, sand all tbs sawn EdgES to a smooth finish. 

Dc a trial fitting in the recess, sanding until 
everything fits properly. 



FIGEJEE 19-7 

apDiLd a iHd Uiu BaufliH aQ tba sawn laces b a o»d sehhu 
llolsb. Mats Mia Out all Ate boobs are B(E]tdvnMi4il- 
EsueclaJJy iba edges or tbs ckankBi bcias. 



FIG QBE 19-3 


Tbe best way o( Bstauisktmtlt rtHlOtiDl tha stats is todraw 
tbs gunfl hi ibB Chambers tinm r»k tbs «mu diBt. v ?*■ 
f alia w OHs emu sc ■! action, iwi must pit algonsnt curls » 
bam c-BiiLiiooBiLts bo out you can cor recur nr than back tugEttEr. 


sd: yalye radial ekgihe iss 
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MAKING THE PISTONS AND SPACERS 

splits and knots 

B Set tbs square wood sect ion Ln the Lathe and t orn it 
dnwntn a cylinder with a diameter that is slightly 
EmaUer than the width of your piston chambers For 
Example, if your chambers are 1 3 /k" wide, then make a 
cylinder that's 1" ur l l /u". 


B With the engine body complete, take the weed you. 
chase for the pistons and check that it's free from 


Using dlvldere malm .alternate step-afts Vj", 1", Vi", 

1" and ed an along the length ef the wood until you 
have seven 1" pistons marked (Elx you know you need and 
one extra tor luck). 



FBGdfll 1Q-0 

Tie pdeteri, 3LC-Gila It Ha sisad at thatvdieu Itlinthl it stands 
slLuktly Htid of flu? lace of the amine disk. 


Mark the wood and the chuck soyuu knew hew it 
fLtE in the lathe. Then take it aff and see haw the 
cylinder fits in the chambers (Figure 19-9]. 


B Remount the workpiece, and turn it dawn ta a good 
fit. Fart off the pistons by bringing the leading face 
of the first piston in line te a gaod finish, removing the 
waste ed the plEtanfaLls free. Wind the Lailstock center In 
eo that the wood Is cnoe again Eupported, face up the next 
piston, and sc on dawn the line. If ell is well, the pistons 
should be a nice fit and stand above the face o£ the engine 
body hy about: 7 /n m (Figure 19-10). 


H Whenycu have made all the pistons, make the 

spacer disks in Like manner. The only difference this 
time 1e that the disks are about c /n" diameter and made sa 
that they range in multlpleE of the thickness of tbE platen 
rods. That means if your piston rods are Vaz" thick, then 
tha first disk needs te he a /az‘ thick; the next tme twice 
a /ae" (that would he 3 /k")j thE next three tlmEe 3 /it" ( a /»:"}; 
the next four times Vat" (Va']: and sa on (Figure 19-U). 

□ FlnaLly, part the spacers off aE deEcrlbed for the 

pistons, and drill them through with holes to match 
your piston dowels. 


MAKING THE CHANK DISK 


□ Study the 'working drawing and the templates 

Note the relationship between the movement of the 
pistons within their cylinders and how the length of the 
rods governs the precise position of the crank hole on the 
crank disk Draw ycur disk tc size accordingly, aiming for 
a tight hut smooth fit. 



FIG DIF 19-10 

It 1 1 Mb ptBt«i«tffrdH. 11 QfOtlicligfiuf m usd b 
afliEtDicliBlHTB, UolHitre bmmfrsrth plstiiis and 
UiectLajtibDES so niatniey nistci. 



FIG DBF 19-U 

n« spacars an vim to Qa smonni i udoLdit of me sacllu, at 
spend miti aakbuaretlatthB] are all cni teeny ElzetL 
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FIGURE 13-13 

Gather all the component parts and check them ever for problems. 
Make sum that matins surfaces arc smooth to the touch and free 
from rough, corners and edges. 


0 Plane the wood to thickness, and out the disk out on 
the scroll saw. 


Drill two hales—one at the canter far the main pivat 
dowel, the other one about VW f out from center ior 
the crank rod. 


3 


MAKING THE RODS 
AND PISTON WASHERS 


□ Take your carefully selected wood-i chose plum 
anti plane it down to a thickness of Vaa" 


D Layout the rod dimensions on the wood, They should 
he about Vi;" wide and the bn lea centered obcut ZV-. 
apart. The exact measurements should come from your 
specific parrs. 



FIGURE 13-13 

Chech the rod for stao—mofc« sure that tho piston, doesn't stick In 
its chamber—moaning when the crank pin is furthest away from 
the piston, 

□ Cat tho rods to size on the sc Fail sow, then strap 

them together with masking tape so yon have a little 
bunch. Drill the two holes through all the pieces at once. 


□ Use the same thickness af wadd far the washers. Cut 
the washers to size at about Ya" diameter, then drill 
to suit. Ynii need twelve washers in all: six for the front af 
the machine and six hidden away at the back, 

H Thread the twelve washers oil a piece ai wire ur 
toothpick and sand them until they're smooth and 
crisply rounded. 

ASSEMBLY AND FINISHING 

□ Gruup all the component parts and check Lhurn ior lit 
and finish, It may help you to number the parts and 
draw in alignment marks. Wipe an a small amount af teak 
oil (Figure 19-12), 

□ Glue and pin the plywood diskin place in the recess 
at the hack of the engine disk. Set the crank disk in 
place, and then put the six pistons into their chambers 
(Figure 19-13). 


Run the small diameter rods through the pistons, 
and set the spacers in place. The assembly order 
around the engine disk is: no spacer, thinnest spacer, next 
thinnest spacer and so on. with the number six spacer the 
thickest. Set the crank rod in pEaca in the crank disk, and 
start placing the piston rods (Figures 13-14,13-15). 
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FIGDBI1044 

Fit the nda li hiiakb » ifiankayiro parallel aHfiltgiBd b 
the ficetl lleeDflEiifldlit. 



FDCOflE 1948 

u the rot looks b be i lltue abort. then to isadr to aaBd tto 
claoaiei soth.at it's BfUbUy looter. 


Set the turning handle in place and test the 
movement (Figures 19-1G, 19-17). You may have tn 
ease thE hales a hit untLl the movement 1 e smooth. 


□ When ynuVE fitted the rods in an aeDEndlng apLral, 
mark what goes where and haw. 

□ Finally, when you are sure everything 1e properly In 
place and up and running, glue the whole wurka 
together. Set the engine disk an its Etand, burnish the 
moving parts with a Email amount - of beeswax to reduce 
friction, and the )oh Le done. 


PROBLEM SOLVING 

1 llyoulttPltbE movement stLcJdng ?:u ccuJladd acraok 
nandle at the back ol the mole] - a bandJe that lota thmugn 
to the centra] crane disc. 

1 n you're unsuie bow somethLrig works and tbe campooEnts 
telate to each other, It's a goed idea to make a working model 
[f 5 easy enough to make a net desktop racdEl horn catdfioajd. 
■■ The piston [oGlecs nsEd to bE tnalelroto 2 dsr.se, beav? 
hacdwond.ldeahT ode that has ao oily ILnlab. 

1 Finding g d od-quaJItTS-cnah-diameter lowe]s Is always a 
problem.! (End 1 o use amli o( ooittail sticky hacbecue sticks 
ami kelaE skewers. 

1 Ee suje to war marlng parts beEtne you assemble Ihe 
machibB.to cut dawnontbE ruction 



FDGOBE 19-1G 

Note bow piston DimlJE] one rtoESJit need a Bracer, 



FDGDBE 19-17 

Tesl 041 the nil MVEimat Dolors yen Hit On? whole iwti ip. 
udRtthe washers m the ends d the unnnab-plstoB das. 
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PROJECT a 0 


Wheel and Worm Gear Mechanism 


PROJECT BACKGROUND 



The whEE] and warm, gear mechanism is a devlcE far 
'crDES-anlE movement'—a device far changing the direc¬ 
tion af the movement whLle at the same time changing the 
gear ratios. In thlE Instancy the speed nt the fast-turning 
warm gBar Is converted Into a slow-turning wheel. If you 
really enjoy techno-babble, warm gears provide the Elm- 
pleat means of obtaining large ratios in a single pair. Such 
mechanisms are UEed when the eltee for transmitting 
motion are not in the same plane. Just in case youYe mare 
a sculptor-woodworter than a mechanical engineer, what 
this means 1e that the screw scams around while the wheel 
creeps. It's a fascinating mechanlEm to watch in action. It 
1e beautiful, almost hypnotic 

PROJECT OVERVIEW 

Study the project picture [right], the working 
drawing (Figure SD-2AJ and the templates 
(Figure SD-EEJ. Far the meet part thin project 
hae to do with careful layout precLEe work on the 
Ecrall saw and painstaking whittling. Note how the mecha¬ 
nism Is made up of two primary parts: the Large wheel with 
all the teeth, and the turned cylinder or shaft with the 
carvEd worm In action, the crank handle turns eaELly in 
one direction whllE the wheel slowly turns in another 
While the building steps are all pretty easy, it's fait to say 
that cutting the worm takes a lot of finicky pallencE. That 
said, this 1e one of those beautiful, JuLcy projects that— once 
the basic sewing and turning ate aut of the way—can he 
quietly worked on out on the parch or in the garden. 
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I Mill 1 miJHTil hl/Jil 15Ti 
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WHEEL AND WORM GEAR MECHANISM WORKING DRAWING 




FIGURE 20-2A 

A UacJtbDajcl 
B Basetuaxd 
C Toothed wheel. 

D Worm riiivp. 

E Claim handle. 

£ Bearing lugs. 

G Dielt spausr. 

H Drive slialt end-stop disk. 


TOP VIEW 
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WHEEL AND WORM GEAR MECHANISM TEMPLATES 



FIG DEE 20-SB 

Tha seals is iwogrH 
squares k> r 

4 ler:I±>Doid. 

B Safe hoard. 

C Tcolhcd v/ticcL 
D Vi'orm dri'-e. 

£ Crank handle-. 

F Bear In g luffj. 
t E'jsk jpsier. 

B 1‘ri -e :hak end.-s-topdljk. 
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CUTTING LIST 

A Backboard 

a A K 7 J A ■ 12 '/; tulip 

B 

Base hoard 

?/* * TV* - 77a tubp 

C 

Toothed wheel 

7* « 7 * 7 oak 

D 

Warm drive 

2 K 2 lima at least ID" long 

E 

Crank handle 

a A * 27 b * 4 cherry 

F 

Bearing lugs 

7« H 2 « 47; plum 

G 

D isk spacer 

7b ■ 3 « 3 

H 

Drive shaft end-stop disk 

IVh * 27-i 27, cherry 



CHOOSING YOUR WOOD 

When choosing your wood, mm ember: rbn wheel must he 
strong across the mn of the grain sc it can he sawn and 
pared with put crumbling, and the worm must he both easy 
to tarn and easy to carve. Taking these considerations into 
account, and having first dug into my mountain of sera]] 
pieces, I opted to use oak for the wheel, tulip for the hack 
and base boards, plum lor the bearing lugs, ltine for 
the worm and whatever happened to tali to hand tor the 
other parts. 



FIGURE 20-3 

Using a combination plane is a groat swift and easy way nf 
tutting the housing channel. Note the setup that allows the plans 
fence ta run clear of the edge nf the bench. 



FIGURE 20-4 

Make sure that tbe boards are a gacd tight lit and at right angles 
to each Uthair 


MAKING THE BACK AND BASE BOARDS 

□ Study the working drawings (Figures 20-2A and B] 
so you understand how the project needs to he 
worked and pul together, Plane your wood tor the back 
and base hoard down to a finished thickness of 7Y\ 

□ Use a compass to draw the 7" diameter circle to 

make the base and the halt-circle that goes ta make 
the backboard. Complete the design with a rule and 
square. Cut the hackboard out on your scroll saw. 


Use the tools of your choice to run the W' wide 
housing channel across the base. I used an old 
combination plane (Figure 20-3J. but you could Just as 
wed use a saw and chisel or a muter. 



Work the channel until it takes the backboard for a 
nice tight push fit (Figure £0-4 j. When you're happy 


with the joint, cut the base disk out on the scroll saw. 


MAKING THE WHEEL 

D Having planed your chosen wood to a finished 
thickness of W and drawn and cut nut the G' 1 - 
diameter blank, use a protractor, square and compass to 
lay nut the design of the tenth. Lay nut a 577' circlE on the 
6"-diameter blank, then divide the circle into 64 equal 
segments. Mark the intersection of every other point. Ymj 
shnuid end up with 32 center points abaut W r in from the 
circumference ot the blank, 


WHEE L AND WORM G EAR M E C HAN ISM US . 

i Hun mihiiii in 





















O When yDii are satisfied with the arrangement cl the 
teeth, use a compass to lay out the position of the 
various holes that make up tho decorative design. 

□ Move tn the drill grass and drill a /V-diameter hole 
through every other intersection, so you have 
alternating holes and spaces running around the circle— 
a total of 32 holes and 32 spaces. 



Using the holes and the guidelines as an aid, draw 
out the shape ol the teeth using a pencil and rule. 


When you're sure all is correct, move to the scroll 
saw and very carefully cut out the shape of the teeth 
(Figure 20-5). Far me, the best procedure was to work 
each tooth in tutu—two straight cuts in toward the center 
point of each hole. 


5 


H Whan you've cut nut tha basic profile, take a razor 
sharp knife (or you may preier a chisel) and pare the 
teeth to a slightly rounded finish [Figure SO 6), Be 
watchful that you don't cut directly snte end grain. 


Finally, put the wheel on a red. and sec hew it 
looks from various angles and when It's turning 
(Figure 30 -7). 


MAKING THE WORM 


□ Make sure your square section length of weed is free 
from splits and awkwardly placed knots. Look 
a specially for end splits that darken as they run up tha 
length uf the grain. It yeu have any doubts at ati, reject the 
wood and find another piece, 



FIGUHE 20-5 


in Important that the cuts ate clean and at right angles te the 
face of the wood. It’s a good idea to fit a elbw blade, adjust tha 
tension and moke sure that the table is sot at 9 D D to the blada. 



FIGURE 20-6 

□ a sure, when you are tidying up with tits knife oi chisel, that the 
workplace is arranged s □ that yon are cutting with tha grain. It's 
a good idea to work on a smooth surface or a wark heard. 


□ Mount the wood on the lathe, and use a gouge tc 
swiftly turn it down tp a l-/ii ,7 -diamEtQr cylinder. 
Keeping in mind that it’s important the turning be crisp 
and smooth, switch to the skew chisel and skim the 
cylinder down to u finished size at V/t”. 

Use a rule end the point of the skew chisel to lay out 
the central stepped area on the cylinder, 1 divided 
the length of the wood in half and put the 2 Vb" long 
stEp-up at the center. 

□ Uso the gouge to turn the wood at each side of the 
central step-up to a fins sired diameter of about '/V'. 
You should finish with the shaft ] /a" in diameter to each 
side dI center, and the central area 1 /\T in diameter and 
37s" long (Figure 30-8). 



FIGUHE 20-7 

Make ynursEff a jig so that you can test aut the movement. All 
you naod is a vertical surface with a pivot linlo— 111 c edge of th c 
bench, a piece ol waste,, anything will do. 
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FIG DUE 2Q-fl 

TblUH ISjNltEOUU C 40 l! 4 BiaUE QDU dBlIbBTidnt DT«r Lfe? 
cbMcBDrinoil suileanuunusi mn h»r —see lustiLulLtef 
Du cfinder. rtituuteiFjtdofliD'raBtii aemvortuiiai 



FBGOflE ao-e 

Hots tla protractor saiars^ou (airectlotirtiQia task—pH 
■P for [HBBlBl a look Hlltti. 


Study thB working drawings (Figure 2Q-2A) and thE 
templates (Figure 2Q-2B), then use a combination 
Equate with a protractor bEad (or a similar teal) to lay out 
die angle of the warm (Figure aD-B]. Although it looks a 
little complLcatEd the point toretnernberis thatthe 
wlndlngE cf the worm as they wrap around thE shaft must 
he spaced bd that they fa]] naturally batwEEn thE teeth of 
the wheel If the tuath V-sectlan centers are about Vs" 
apart, ttinn the tap peaks, of the warm also need to he 
about 1 /e" apart. 


0 Wlth thE guidelines in place, take a sharp knife and 
run a stop-cut aruund the cylinder, centered between, 
the worm peaks. 

B Make thE stop-cut to a depth cf W. then make 

siloing cuts at an angle at each s ide so you have a 
Y-aactLcn furrow running around the wood (Figure 2Q-1D]. 
The band at the top of the warm should be about l /a" wide 


Continue in this way, repeatedly making the atop-cut 
dEBpEr, slicing down at each side Into the step-cut at 
an angle until ycu'vE created the characteristic worm 
profile (Figure 2Q-11). 


Try out the wheal an a ]lg, turning the worm over by 
hand bd the whEBl makes a full revolution without 
sticking. UEBfme-grade sandpaper tc tub the whole worm 
dawn until it's smooth. 



FICOPlE 2040 

Heceatsdlyruo andral tlelilarle la ha T-nrrowsH asbeata 
step-cat iraLde ear suhscauGiLt cots. 



FIE DUE 2041 

RflHtn tkB waste ay slMbc ou Mans dmnt itu amis into 
tba stop-cut Do yni boat to ksip the '/."-wlrtc ham it Die bp 
o t hie peat, 
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FIGDHI 20-12 

CUECk Q» CIBpDDiBll lit lor tnHCBB-flBtBdlllV Qu Vs D] Dl 
iti ive aDdttovbfld.ir'svltil (bat all tks taaffijn intact— m 
itB&wlmili 

ASSEMBLY AND FINISHING 

n Lay out all the component parts (Figure 20-12 5 and 
check themavEr fax potential problems. Make sure 
that the wheel is free from aplLts, with a]] tha teeth intact, 
and the worm drlvE is as near perfect re yen can make LL 


0 Don't worry at thle stags about the final finishing of 
the other parte. Its much more Important to make 
euie tha movement Lb going to work properly. Set the 
wheal In place on the hackhoard (the assembly sequence 
1e backboard, spacer disk and wheel) wLth thE dowel pivot 
pushed through from the front [Figure ED-13). 


Set one lug hearing in piece, then slide the worm 
^ drive shaft through the bearing so the worm is 
aligned in the teeth of the wheal Then fit the other lug 
hearing [Figure ED-14). 
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FIG DUE Ei-13 

U a later staff! lla 4ow«li can ha Jtttvd by baba er*u-dillls4 and 
btaui with 3 cwMall stuck. 



FOG DUE 2044 

TLe cm la strtu «f waste ptwe-otsme bpillkfl dowel ifwu balm 
■crsshsd awldaBugad. 


With the worm drive centered, elide the stop disk 
and the crank handle onto the Ehaft and bring them 
up to the lugs. Keep in mind that it's the proper placLng of 
these two components that determines thepoEltLon of the 
worm and thE subsequent smoothness of the movement 
[FLgure ED-15). 


O Eet the hackhoard In the base channel and check It 
over for f Lt [Figure 20-1E). 

□ Finally, when you're happy with the way aD the 

components come together, disassemble the whole 
works, do a finish sanding of all surfaces, wipe over 
with teak oil [hut not the surfaces being glued), glue up 
and polish. 
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FIGURE a0-15 

Spend some time getting the spacing tighl r and then draw in 
Bligmnsnt marks. 


PROBLEM SOLVING 

* If you have any douhts as to how the design af The wheal is 
iaid out, then work it out on paper before doing anything to 
the wood. 

- Another way to pinpoint thE p osition of the 64 divisions: 
ttiavi the circle out on paper with a compass. Draw a lms 
dividing the si t ele in half, then quarters, one so on, dividing 
each angle until you have 64 divisions. Then cut the circle cut 
and use it as a tempiata m marking the wood blank. 

* The choice of wood for the worm is critical. It has get to 
be smooth grained and easy to carve. My first choice is 
European iime. 



FIGURE 2D-16 

II you have gat it right, 
the handle can he wound 
in Bilker directum. 
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PROJECT El 


Film Advancing Mechanism 


PROJECT BACKGROUND 

Tb:s beautiful little mechanism perfectly Lllustrains the 
action inside some old-time movie cameras— when, as a 
frann? is stmt, a claw moves on its accBirtric drive pivot and 
pulls the him down one notch, It's good lun to watch the 
machine in action. When the handle is turned, the arm 
moves np-round-and-in, the claw at the end oi the nrm 
engages in the notch, the notched component is dragged 
down, the claw disengages, and the counterbalance weight 
pulls the notched component hack up into the ready-to-go 
position. Of course, if you like the notion of springs or 
elastic hands or whatever, thEn yuu can do away with the 
counterweight and change the working action accordingly 
And just in case you have a mind to ga delving into your old 
film camera to see if you can find such a mechanism (so 
that you can push and poke it around and maybe even 
watch it in actmn), I would strongly warn against it. I did 
just such a thing at the start of the project, and the camera 
had to go ta the repair shop. In my camera, the mechanism 
is much changed it's minute, no bigger than the lower-left 
side whisker ana small gnat. 

PROJECT OVERVIEW 

Have a look at the project picture (right), the working draw¬ 
ing (Figure 2] -3A) and the templates (Figure 31-SB). See 
haw the challenge of this pruject has tu do nut so much 
with making the various components (after all, most of 
them arc easily fretted out an the scroll saw) as it decs with 
putting tire whole works together, All that said, ids impor¬ 
tant to nets that the relationship between the length of the 
crank and the pusitiuir of the various pivot centers is 
critical, if you make a mess up of one or ail of these details, 
Chen yen can expect the action to fail. Dost advice with this 
project is to make a card prototype flat down on a board— 
with thick card and thumb tacks—and fix tho critical 
measurements before you ever get to cutting the wood, 
Note that the large disk at middle right acts as a distance 
piece or spacer in kEep the clawed arm an course. 
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FILM ADVANCING MECHANISM WORKING DRAWING 



^ FRONT VIEW 


FIGURE Ei-EA 

If you decide to make 
muriilications to this ptnjaCt, 
VPu’tl peed to N urary p( ton 
relatin aship between the 
length, of the claw atm and the 
length of the crank red. 

A BBcMmaafl, 
h Slide heard 
C Claw a i in. 

0 Notched rule. 

E Pulley wheel, 
t CBuntHTtaalance guide. 




TO? VIEW 


Material cu drep! de aulor 
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FIGURE 21-20 

The scale Is two gnd 
55uaicB Id 1”. 

A Backboard 
8 Slide baard 
c Claw ami 
□ Natch sri rule. 

E Pulley wIibbL 
F C mintErbHlflitce gu Lde- 
G Cranlc. 

H Spacer. 
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CUTTING LIST 


A 

Backboard 

1 H 0 k 20 pitch pme 

B 

Slide keani 

A * 3 * 15'/j mahogany 

C 

Claw arm 

Ve * 2 * 8 mahogany 

D 

NotchEd rule 

Vb m 7l * 11 pitch pine 

E 

Pulley wheel 

a A * 2 1 2 walnut 

F 

Counterbalance guile 

Vn K 17s * 4 pitch pine 

G 

Crank 

7a *1*3cherry 

H 

Spacer 

3 /b * 1 * 1 mahogany 



CHOOSING YOUR WOOD 

Sines most of the components are cut not on the serai! saw, 
and the mechanical movement is delicate and controlled, 
you can use just about any wood you like. Just make sura 
ii r s easy ta saw and stable, with no warping, cracks or loose 
knots, I chose pine lor the base, backboard, the notched 
slider and The balance guide; mahogany for the Claw arm; a 
scrap of mahogany for the large wheel, and odd bits of 
Scrap far the other parts. The counterbalance weight is 
made from the heaviest wood I could find, a chunk cut from 
an old, broken walking stick. 

MAKING THE BASE AND BACK BOARDS 

□ Study the designs, the working drawings (FigurE 

21-2A) and the templates (Figure 21 2B). Then plane 
fbc wood to a finished thickness sf W. 

O Use a compass and rule to draw the back and base 
board designs on the wuud. Cut the pro tiles uut un a 
scroll or band saw. 


Make a cardboard prototype so you know the 
preeiso positions of tbs various critical pivot points. 
Transfer this inlormation to the backboard, and drill holes 
that match your dowel pivots. Check and double check the 
centers (figure 21-3). 


MAKING THE CLAW ARM 

D First study the working drawings (Figure 21-2A), 
noting bow the position of the centers and the claw 
are critical—exactly 3 Vs” between centers and 3 7 /V' 
between the crank center and the end of the claw, 



FIGUHE 21-3 

Check the editor points with a pair of dnridtirs. It’s vital that they 
■rt well placed. 



FIGURE 21-4 

II you go at the sawing nice and easy—'With a new blade and the 
correct tension— yaw will finish up with n cut edge that is sc 
giuoath that it hardly he Eds ta be eanded. 


□ Plane the wood to a finished thickness of A". Use a 
rule., compass and straight Edge to lay out the 
design. There's no problem if you want to change the 
profile so long as you stay with ths critical measurements 
just described. 

□ When you are happy with the design, drill the 

centers with a bit that matches your dowel pivots, 
and cut the form out on your scroll saw (Figure 21-4). As 
long as you're at the saw. cut out the spacers and the 
various disks. 
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MAKING THE NOTCHED RULE 

Q Study the working drawings, then planE your wood 
to a finished thinknesa of W.Draw the design onto 
the best face. 

□ Run a center line dawn the width of theprotllE, and 
use it as a guide tc mark the position of the two slots 
and the notch. 


Drill the holes through on a drill press; and cut the 
s]ats cut an a sera II saw. The procedure far cutting 
the s]cts is to first drill pilot holes at the ends cf bath slats, 
detach the tap end of the blade frcmthe scroll saw and 
pass Lt through the pilot hale, reattach the blade and 
re-tension. Cutout the slot, then dEtadb the blade oncE 
agaLn (Figure 21-E). It's easy enough; the only rEal trick is 
using a elhw blade and adjusting the tension until the 
hladE "pings" when strummed. Be sure to cut a little to the 
waste side of thE drawn line. 


MAKING THE COUNTERBALANCE 
GUIDE BRIDGES 

D Study the working drawings (Figure 21-2,A] . noting 
haw the two guides are set together in such a way 
that thEy contain the counterbalance weight, keeping it 
from moving sideways and forming a channel for the 
cord. The outer prof He af the guideE can be Just about 
any shape and stze that catches your fancy so long 
as thE counterbalance holes f Lt the shape and size of 
your balance. 


B Since the guLdes are relatively fragile, drill the holes 
through heforE cutting the profile on the scrol] saw 
(Figure 21-6}. 


DRILLING HOLES 

The easiest way to drLU the various holes is using a 
drill press and Forstnerhlts (Figure 2!-7]. 
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B Uee a ruler and dividers to establish the position 
of the various holes, mark the centErs and then 
drill the holes through. (Figure 31-Bj. You also need to 
drill some bbnd holes—holeE that don't go all the way 
through the wood—so he sure to set the drill stop to the 
required depth. 



FIGURE 21-5 

Tie sit needs te lie worked to nr bom youi otLtfitvsi 
diiuehr aid tb adze of year Mil its. 



FIGURE 21-6 

Tie vata it dtlBf side el He br Mae is stun r and n atpiE—no at 
iroaBT. 



FIGURE 21-7 

bt tbdBjria slot n nut tb bind boles are all oh ran iqKL 
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FIGURE 31-8 

Ths Mini hole* arc purely doeerallvo—they draw their 
inspiration f rom the forms that you see an old coat iron machines. 



FIGURE 21-9 

Always out in the direction of the grain—meaning from the rim 
and down towards the bottom af the stop-cut. 


MAKING THE PULLEY WHEEL 

n Plane your w-cod tu a linished thickness ul /a”, then 
adjust your dividers to produce a IV: "-di a merer 
circle. Draw the circle onto the wood and, with the 
compass still set at the radius measurement, strike six 
arcs around the circumference. Us a thESE Intersections te 
establish the centers of the six decorative circles. 


Cut tire disk out on the scroll saw. 


Take a sharp knife, ran a stop-cut around the 
thickness of the wood, and then, little toy little, slice 
in at cither side cf the stcp-cut until yau have a V-scclien 
channel running around the circumference. To do this, run 
the blade around the disk so as to cur a stop cut in to a 
depth ul about '/.V, Lhifii work araund the disk making 
angled cuts that run into the stop cut sq that chips of 
waste fall away. Then tidy up the shallow “V”, and make 
another stop-cut. Then repeat the procedure. And so you 
continue—cutting and slicing until you have whet you 
consider is a good V-section groove (Figure 21-9}. 


Drill out the seven ho las that go to make the 
design- the central pivot hole that runs through the 
thickness □ * the wood, and the six blind holes. Plug the six 
holes with short stuns of dowel made from a contrasting 
wood—to give the wheel a rivet effect (Figure 21 10). Tf 
you cut the dowel with a sharp knife—hy rolling the blade 
over the dowel—you will find that yau finish up with stubs 
that arc nicely rounded at the Ends. 
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It's a goad idea at this stage to rub the face of the 
wheel dawn to a good finish. and then glue the stubs 
in place—so that they don't get mislaid (Figure El-11). 



FIGURE 21-10 

Dee a heavy rolling action to cut the stubs. Note that the use of a 


level board ensures that lbs rolled cot runs true— ta start and 
finish at the same place. 



FIGURE 21-11 

Hull Use face of the wheel down Id a goad finish, and glue the 
stubs in place. 
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FIGURE 21-13 

Chech the component parts off against the working drawings. II 
you have doubts about what goes where and how, then it's a goad 
idea at this stage to pe ncil label each pert an its underside. 


ASSEMBLY AND FINISHING 

□ Lay out the ports and make sure they're free from 
splits, loose knots and warping (Figure 31 - 13 ). 

O Now comes the exacting task oi doing a dry lit 

assembly. Start by dry doweling the slide board to 
the backboard. 


H Take the notched rule and plug the enrd into a hole 
drilled into the top end with a small length ui 
toothpick (Figure SI 13 ). Plug the other end of the cord 
into the counterbalance weight. 


Sot the notched rule in place in the slide board, and 
fit the two stop dowels so they go through and into 
the backboard (Figure 21 14 ). These dowels have a dual 
function. They held the components together and create 
stops that control the up-and-down movement Di the 
notched rule. 


Set the various wheals in place—the pulley wheel, 
itia handle crank wheel (Figure 21-L5) and the large 
space]' disk, 


S 



FIGURE 21-13 

Push the cord Inte the holt and wedge it in place with a 
cd ektail stick. 



movement between mating Barts. 



FIGURE 21-15 

Set the crank wheel in place on its dowel. Hate that when it 
comas to the final fixing, the daws! will naad Id be glued into the 
wheel and leeae fixed through the hacking hoard. 
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FIGURE 21-1G 

Fit the two bririges with wdd rtcn pins and thou label them bo as to 
avoid a mix-up. 


Fit the two guide bridges with small lengths nf 
toothpick, The guides need to he parallel to each 
other and square to the slide board, with the stepped part 
ui the guides pressing hard up against the edgE □! the 
slide board (Figure 21-16], 


Proper cord movement over the pulley wheel is 
critical If the V groove is ton sharp, pinching the 
curd, or the dowel is tuu tight su the wheel doesn't turn, 
then now is the time to fix things. 


When you lit the crank rods, he sure you have the 
slightly thicker rod. on the underside. This is 
because the underside rod. the slide heard and the large 
spacer disk are all the same thickness. 



Once the crank rods have been installed so the claw 
arm is nicely contain ad, than pivot the handle 


through hath the lower end of the claw arm and the crank 
wheel. The important thing here is that the pivot dowel 
must be flush with the face of Lhc wheel This allows the 
claw arm to pass over the pivot without obstruction 
(Figure 31-17), 



FIGURE 21-17 


Note that when it comes to the final fixing, the cranks ncc A to be 
glued tc ibB dowels, wftb the e]aw arm and the back emt the tap 
[towel being a Inase easy fit. 


When yau test the movement, you may have m 
slightly trim hack the tip ot the claw and/or slightly 
modify the shape of the notch. You will almost certainly 
nEEd tu tweak une or all the parts ta achieve a smooth 
movement. 

When you’re sat Is lied with the movement—be 
picky—then disassemble the whole works, Sand all 
laces and edyes smooth, rub ail un the parts except where 
glue will be applied, and then glue up, 
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PROBLEM SOLVING 

■ The biggest problem I had was making sure the thickness o.£ 
the various layers was uniform, ns this is essential to smooth 
movement, The best way uf ensuring uniformity ts cutting Lha 
crank wheel, hortnm crank, rhak spacer and tha slide board, all 
from the same piece ni wood. 

* The notched rule needs to be a smooth working tit, It's a 
goed idea to wax the mating faces before final assembly. 

* You may find the claw arm warp Lug slightly, so the claw 
bends back and butts up against The edge of tbs slide boat'll. 
The Eix is to make a ms re stable claw arm by building it np 

I rum several laminations. 
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The Universal Joint 


PROJECT BACKGROUND 

Tb:s nieD.hEir.Lsin beautifully Illustrates the a Ed on of the 
common U-joint or universal joint. You'll find these on the 
drive shafts nf all autamnbites. Tn engineering terms, the 
universal joint is used to transmit power trom one shaft to 
another over varying angles. It’s a simple solution to what 
was oncE a difficult mEchanical problem, and our currant 
wide array of vehicles wouldn't exist without them, 


PROJECT OVERVIEW 

SturLy tba project picture- (right), the working drawings 
(Figure 23-2A) and the design template (Figure SS-SB). 
Nata haw nur wagdan machine replicates a universal joint 
from the underside of a car. Imagine the handle as the 
engine and the bridge stanchion as the back axle end. You'll 
se-c how, even though the engine and the axle wobble up 
and down independently, the universal j Dint still allows the 
two shafts tn keap turning. Note bow the actian nf the shafts 
as they pass through the split hall Joints allows them to 
change in length as the angle varies, 
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THE UNIVERSAL JOINT WORKING DRAWING 


FRONT VIEW 


SIDE VIEW 


FIGURE 22-2A 


B Leaning stancJjlan. 
0 Frstfge stanch fan, 

D BUSlt. 


* Shalt 


F Crank. 


H Knuckle fcrfr. 


TOP VIEW 
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THE UNIVERSAL JOINT TEMPLATES 



FIGURE Zg-ZB 

The scale is two yrid 
squares to 1". 

A Base 

B Leaning 5tahdbiAn. 
C Bridge stanchion, 
d Sha£t, 

E Shalt. 

F Cranlc. 

G Posls. 

H Knuclde lark, 

I Ball. 
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CUTTING LIST 


A 

3 nsc 

1 * 6 * 13 pitch pins 

B 

Leaning stanchion 

3 /i * 6 51 6 mahogany 

C 

Bridge stanch ion 

! A * S " 5 plum 

D 

Shaft 

'/■/ diameter mahogany 

E 

Shaft 

L /a- diameter mahogany 

F 

Crank 

Vi" * ZVr, H 3 cherry 

G 

Poets 

Vs" diameter mahogany 

H 

Knuckle fork 

1*2* 2Vi American oak 



CHOOSING YOUR WOOD 

There arc many factors that determine the choice of wood. 
The balls must be easy to turn on the lathe, the bridge 
needs to he strong across short grain, and the universal 
joint must be strong across the prongs. A search through 
my scrap bin produced pine for the base, American oak for 
the knuckle forks, □ hardwood dowel for the shafts, English 
plum for the bridge stanchion, mahogany for the two lean¬ 
ing stanchions, lime for the turned halls and whatever was 
at hand for the secondary components. 


MAKING THE KNUCKLE FORKS 


D Plane your wood for the two knuckle fork 

components down ia a hnished thickness of W. 


□ Study the templates (Figure 22-2D), noting the 

shape Gl the knuckle In that view, and then draw the 
same view out on the face of your planed wood, 

□ Partially cut the fork shape out on your scroll 

□aw—cut just the shape at the shatt-facc end. Then 
use a pencil and rule to mark the position of the various 
centers—tho center on the shaft-end and the centers fnr 
the coupling pin. Establish the center ol the shaft-end lace 
by drawing crossed diagonals. 



Use a compass to draw in the circle at the shaft-end 
and the curves at tho ends of the prongs. Then move 


to the drill press and use a '/s" hit to drill the shait hole to 
a depth of about TV', and a V” hit for the coupling holes. 
The coupling hole should he drilled Completely through 
the wood (Figure 22-3). 



FIGUHE 30-3 

Take the siuared-up partial sawn unit and run it through with 
the coupling pivot holes and the shaft hole—with hit sizes to suit 
tks diamator of your chosen dowels. 



FIGURE 00-4 

Complete the cutting on the scroll saw. 



FIGURE 00-5 

Dec a knife to whittle the curves that go to make Up the design — 
the cuds nf the prangs and the shaft. Hun the blade in the 
direction of the grain so as to avoid cutting into and grain. 
Whittle down to the shoulder lino Into the stop-cut. 
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B Whem the holes are in place, finish catting the form 
out an your sc id]] ebw (Figure £2-4]. 


□nee yum have thE haste form, whittle out the 
various curves that make ap the prongs of the fork 
and the round, chape of thE shaft socket. To make the 
shaft, make a stop-cut around thE shoulders cf the fcrk, 
and then, little by little, skim down the shaft and into 
the Etap-cut until ynu are dcvm to the shoulder line 
(Figure £2-5], 


MAKING THE CROSS--COUPLING UNION 

Uee a knife to cut three lengths of W dowel for each 
fork. Gne dowel place should fit looEEly between thE 
picngs, the other two shorter pieces at each end cf the 
coupling pin. Fioll the dowel under the knife so the cut 
ende ara nlcEly formed. 

Using a hit Else that matches the pin diameter, drill 
through the dowEl lengths. Than check to see hew 
the components fit together (Figure 33-B). 

Take the two longer dowel pieces, measure along the 
length to find the centers, and u&e a small knife to 
cut alltt]e recessed "flat" on each length Cut the flats until 
the two dowels mate together, forming a right-angle cross 
(Figure £2-7j. 

Elue the two pieces of dowel together, creating the 
ctose coupling. Then take the knuckle forks snd 
push a length of W dowel into the shaft holes Cut thE 
coupling dowels either flush or leaving a hit sticking out 
as 1 did, and then da a trial fitting. If you've got it tight, you 
should he able to hold the shafts at )ust about any angle 
and spin them with the Joint happily turning to match the 
changing angles (Figure £2-Sj. 

MAKING THE STANCHIONS 

Look at the working drawings (Figure 23-£A) and 
youTLsee there are three stanchions—the two 
leaning poet stanchions at the handle end and the Elngle 
bridge at the other end. With all three, the grain needs to 
run vertically when cut 


Plane the wood to thickness of about Vk" for the 
hrLdge and SV for the stanchions. 


Take thE two leaning poet stanchion pieces and 
sandwich them together with pins in the waste or 
double-sided tape 
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Have a trial lltuna will tfea entlbg tubeairi tie rims (fote bow 
Els Hint radii cnnas u crsan n Enaos Hat beta as If It 

las Ihbd cast— Idea partof a Bacllia 


* 



FIE DUE 22-7 

Cat Mb so tlat tie two ioiRb nab toffotner at mil scolds. Be 
carelil not to cat flu onifU ta tie pint h*l& 



FIGUHE 22-8 

S#li Efts slaltsaid ne low He aHplEm rolls iBHeactlno. 
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FIGURE 22 9 


Pay particular attention. to the last V* F ' nr so of the lens that need 
to be tenoned Into the base. 



Draw the designs of the stanchions onto all three 
pieces (the two leaning post pieces and the bridge 


stanchion). Drill the nucEssary holES through the bridge, 


then cut the profiles out on your scroll saw (Figure 22-9). 
Take extra care when yuu'rB cutting the legs of the bridge, 
keeping the cuts crisp and clean. 


H Carefully cut away half the thickness on the top 
autsidD face of both leaning stanchions—about an 
inch or so. 


Sand thE pieces smooth. 


MAKING THE BASE 

D Plana the base slab wood to a finish ad thickness of 
about W. 


O Plana one edge square., then usb the square, ruin, 
pencil and compass to lay out the design on the 
wood. The bass will he 5" * 12" with tbs comer curves 
having a radius uf Vi*. Draw a center line down the length. 


□ Cut out the base. Then use a block plane to miter 
the edges on the top face, ends and sides. Cut the 
corners out on your scroll saw. 


Finalise the position of the components on the 
bus e— the bridge, the two leaning stanchions and 
the various posts—marking their location. 
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Drill the posts and dowel peg holes, Use a small 
bevel edged chisel to cut the blind mortise holes. 
Cut the holes little by lit Lie to a depth of ah cut '/V', until 
the legs of the bridge are a fight push fit (Figure 22-10), 



FIGURE 22-10 

Cut the mortises to fit the legs, and then pencil label one or both 
go that you know what gnss where. Note the way that the shaft 
has been necked with a step it the and. 



FIGURE 33-11 

The bottom ball functions in much, the same way as a 
stretcher under a chair, meaning it helps brace and distance 
the two stanchions. 
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FIGURE 28-12 

Run the dowels through the stanchion and an into the ball—to 
stop just short of the shaft. 

ASSEMBLY AND FINISHING 

Turn, drill nnd slice the balls in half—see athcr 
projects iri this hook lur details on turning the bails. 
Take all the parts end check them over for tit, finish anti 
potential problems. Don't worry at this stage about iinol 
finish sanding, as we're first going to do a trial assembly. 

H start hy fitting the two ieamng stanchions, Fit and 
peg the spacer hall between ttia two stanchions, 
then set the whole works do the cenLerlinu and peg thE 
feet of the stanchions through the base slab (Figure S3-11). 
Make sure thot the- stanchions are loaning in towards 
the slab. 

□ Whittle a section dJ the shaft so that it's a good 
sliding fit between the halves of the sliced pivot 
ball. Then run pegs through tho stanchions and into the 
ball so the shaft is contained and the ball pivots nicely 
(Figure 33-12). 

Set the crank plate on the end of the shaft, then cut 
and fit the handle from scrap wood. 1 used a length 
of dowel far the handle, with a ring pushed onto the end 
and a rvanden peg run through to keep tha whole thing in 
place (Figure 33-13). 

H When you cornu to the bridge end, first set the bridge 
in place, supporting it with the two posts. The whole 
works must ho Linked with horizontal dowel rails running 
through the bottom holes. Contain the shaft with the two 
halves of the split hall, and then pivot the hell hy means 
□ 1 two short lengths of dowel. This isn't easy because 
nothing has been glued together, hut just do your best. 



FIGURE 22-13 

Fit the crank and, tha handle on the End of tie shall, and check out 
the movement d the handle. 



FIGURE 32-14 

□sb tha point of a knife to slirte the grub dowel into place. 



FIGURE 22-15 

IE you have gat it right, the tap rail will hold the grub dowel in 
place &□ that it ia contained between the shaft and the rail (see 
Figure se-2a tap right datum. 




alerial cu dre 


Blfl THE UNIVERSAL JOI^iT 


Use u knife point to tease the dowel studs through the 
bridge hole until they're well into the hall and clear of the 
top rod hole (Figure £2-14). 

O Takfi the two top rail dowels and run them through 
the bridge and into the post su that the two 
components are linked and the stub dowels are contained 
(Figure 22-15). 


When you are happy with the overasl fit nf the shaft 
in the hall, remove the shaft, and spend some time 
making sure the structure is square and stable, with all 
the posts and rails cut to length and tidy. II you have 
got it right, the whole works will lie a good tight (it 
(Figuro 22-1G). 


□ You will almost certainty have to make adjustments, 
Tur Example, 1 found I needed to lengthen and ease 
the sliding section of the shaft at the handle end (Figure 
22-17). You should be able to squeeze the halves ol the 
ball together with the shaft still a nice sliding fit. 


O Trim the coupling pins to length and hold, them in 
placo with tho little dowel ring (Figure 22-13). 


Sand all surfaces to a smooth finish., rub tRak oil on 
appropriate surfaces. glue the balls together so the 
shafts are contained, and set the halls on their pivots. 
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Finally, give the whole works another sanding, mb 
on another tbin coat of oil, and burnish all the 
auriaees with a Lhin application ul beeswax. 



FIGURE 23-3.6 

Trim thE bridge ta shape. end cut a short length ol dowel for tbe 
decorative detail at top center. 



FIGURE 22-17 

Try out various sbalf angles and modify tbe length af the sliding 
nocks accordingly. 


PROBLEM SOLVING 

■ While this project looks complicated, the only really tricky 
parts are fitting LhE cross coupling tubES and making sure tho 
balls pivot properly. Use double-sided tape to hold the hall 
halvas together during the trial assembly. 

* Tc my mind ihe must clever aspect uf tins design is the way 
The dowel stubs si b held m place. In fact Die various parts 
don’t need to be glued. Hovfever, success comes from the stub 
dowels being just the right length and a smooth push fit, 

* Since the moving parts need to be smooth turning, it's a 
good idea la lightly wax and burnish mating laces: ihe slide 
shafts, inside tho ball and Inside tho crcssod coupling. 

* II you likE the project except lor the wood turning required, 
you could modify the design and use cubes instead of balls 



FIGURE 22-16 

Fit the little atop rings an the ends of (he coupling pivots. 
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PROJECT S3 


Camshaft Valve 


PROJECT BACKGROUND 

Apart from my wife Gill, my priLla and joy is an old Land 
Rover four-wheel-drive vehicle It's a diesel, made in 1975, 
with uncomfortable seats, ungodly noisy and paint ad mili¬ 
tary green—a wonderful machine! it ran like a gem for the 
first few weeks, and then started to smoke like a bonfire? I'll 
spam you the mechanic's lengthy explanation, hut the 
problem was diagnosed as a sticking valve, Sa there we all 
wore, up to our armpits in grease and ton Is, when Gill spot¬ 
ted something, suddenly reached into the air intake and 
pulled out a squirrel's tail. Nothing else, just a slightly 
charred tail! The guud news is Hie problem was solved— nu 
sticking valves, no more smoke, and no more squirrel! My 
sudden immersion in origins disassembly paid nff alsn in 
terms of another wooden mechanism, this one honoring 
those hard-working valves. 


PROJECT OVERVIEW 

Study tho project picture (right), the working drawings 
(Figure 23-2A) and the templates (Figure S3-3BJ. Note how 
this project shows the various elements nf a valve-train as 
flat components mounted to a backboard. In action, the 
crank handle is turned so that the cam on the hack of the 
handle pushes up on the red. The rod to turn pushes up the 
rocker arm, which pivots like a seesaw and pushes down 
the valve, opening it. This action is made possible by the 
tact that the rocker arm is weighted with lead shot, so that 
while its easy to lift it nevertheless wants to fall back to 
Hie closed position. 

The skill level for this project is low in terms of building 
the pieces, while- the assembly aspect can bo tricky, "with a 
lot of finicky small parts that break easily. Dnce you have 
the cam in place anrl have added weight te tha end nf tha 
re ekei, then it all comes together easily. 
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CAMSHAFT VALVE WORKING DRAWING 


F IGuHE 33‘BA 

Nolo how the weight Is flooded on 
the end ttf the rocker arm so that 
the arm id always falling down td 
mahio contact with the top of the 
push rod. 

A BacKUcaid 
B Backer arm 
□ valve-. 

D Crank handle 

E CamjjlalE. 

F Had and vaLve guide 

G Base board. 

El VaiveeimbiGiwGir;''3T. 


TnP VI 


FRONT VIEW 


SEE VIEW 


E (behind D) 


BE0 CAMSHAFT VALVE 












CAMSHAFT VALVE TEMPLATES 



FIGURE 23-2B 

The scale Ls two grid 

5BU3IE5 tD l’ r , 

ft Backboard, 

B RDLhtraun. 

c valve. 

D Crank Jiandte, 

E Cain plate. 

F Rod and valve guide, 


CAM SHAFT VALV?.. 223 





































































































































































□ Plane the wood to a finished thickness of '/V, and 
draw the design out on one piece. 


Sandwich the two pieces together so that the drawn 
mim design is uppermost, I used small tabs of double - 
sided tape to do ttiis. Then treat the sandwiched pieces as 
a single unit, and drill the rod hole and cut out the profile. 


□ Ease the sandwich apart, leaving you with two 

identical parts. Use a knife ta trim the top edge tn a 
rounded finish {Figure 23-B], 

MAKING THE CHAMBER WALLS 

n Once again study the working drawings (Figure 
23-2A), noting how tho tap middle section pf the 
chamber acts as a guide lor the stem of the valve, with the 
stem being contained by two walls and bridged by the 
guide. Note also haw, apart from the two guide walls and 
the two gates at the bottom of the valve, the chamber 
walls themselves can be any shape that takes your fancy. 


□ When you have decided what shape and size yeu 
want the walls to be, plane your wood down to a 
thickness pf V”. Trace the various designs frem ynur 
working drawings, and press-transfer the traced lines 
through to the wood. 


■ 11 Be careful with the thin sections as they'll be very 
I fragile across the short grain curves. Very carefully 
cut the walls out on your scroll saw (Figure 23-9). 


ASSEMBLY AND FINISHING 

□ Lay out all the parts and check them over for 

possible problems. Don't worry at this stago about 
final sanding as we're going to da a trial assembly first. 
Just make sure that the little cut-outs aren't going to let 
you down—you don’t want any splits or loose knots to 
spoil the integrity of the structure. 



Give all the components a quick sanding with 
fin a-grads sandpaper, than wipe them ovor with a 


small amount of teak oil—Just enough to seal the grain. 
Keep the oil away from areas that will he glued later. 


□ Start by using a dowel tD pin the rocker arm at the 
top of tha board. Thou taka the push rod (see the 
detail drawings for how it was slotted and pared to a flat 
face, with a little piece of hardwood fitted at the top i and 
fit it in place with the little link-arid-pin component. Mo La 
how the function of the link is twofold: it allows thB rod to 



FIGUHE 23-3 

Osd a knife to trim the lop edge to a rounded profile—like a 
round nosing. 



FIGURE 23-9 

Be careful, when yen are culling across the mu of the groin, that 
you don't split tha resultant short grain. 



FIGURE 23-ID 

See haw the little link shape needs to sit level with the flat face. 
Hate also Lew the bottom and of the rod is sliced down to about 
half the thickness sn that it's the same thickness as the cam. 


aterial cu dre 


BBS CAMSHAFT VALVE 





Co|>yiighted Material 



FIGURE 03^11 

Ui 3E BiammtiE pd§ilua if 5 lutwiiaBrniraiwfiEgiM 
pdla flio saiortlDi nchr arm im aiiLiEr Qe topof tbE 
push ndL 



FIG QBE 03-12 

Ike labi e wetakt qb bihIh— ll you cbi Hid j war al ca&dug 
(RUEtibKs Id 931 tlo batet. taeii so c-iuck Tlie tatter. 


Elide up and down, while at the- same time holding the rnd 
la place against the backboard (Figure 23-10). 


Take thE dlEk that youmadE fai thervelghted end af 
the rcokEr and cut pieces of lead to fit into thE drilled 
packets (Figures S3-11, 23-12). Ube either lEad shot nr 
fishing Elnkers—yaull find bath at meet laigE epnrtlng 
goods uLLn.ua. Sand the disk Emooth on the packet Bide, 
because It oeedE to fit flush with the ruckar. 


O Put the rocker aim, the weight disk and the short 
length of filing dowel In place, and see how 
Everything fits. 


Slide the maker in placE an the bits of lead are 
contained (Figure 23-13). Untnrtunately, the 
decorative detailing of the pnckete 1 b hidden aBl designed 
it here, but you can experiment wLth ways to diaplay it. 


□ Fit the Dhamher walls in place with wooden pegs. 

and set the two guldE& across the width of the 
hoard sn the valve 1b contained. It's Important that the 
movement 1 e easy If anything st Lck&, then Band one or all 
the components untl) the action wcrke properly 


S hde the push rod In place and again try out the 
movement (Figure 23-14). 


B Set the two little blocks in place between the 

horizontal gnLdea at either Bide of the puEb rod. Then 
set the Link down between the hlocka ao that the fixing 
sticks go down through the Blot that tuna up the middle of 
the push rod (Figure 23-15). 



FIGURE 23-13 

JfnD as uaum races dawn »tkal tksy flt dibi mailer 


Bet the cam on the crank pivot, then elide the crank 
arm In place (Figure 23-16). It'a not easy tD teEt the 
movement at thlE Btage because the cam and the crank 
aren't yet glued together, hut at least make Eure that the 
crank 1b able to turn without humping Into the side nf the 
push tod. If this is a problem then lower the fLat face at 
the bottom end of the rod until Lt s much lower than the 
underside of the crank. 


in 
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FIGURE 23-14 

Make adjustments ed that the drilled pids h ales, th □ push rad 
and the cranh pivot ore all perfsctlf aligned. 


tob Put the handle on the crank, the little bridge in place 
issl across the push rod guide blocks, and do another 
dry run. 


When you’re happy with the movement, disassemble 
the whole works, sand all the surfaces and edges 
smooth, apply tEak oil again, and glue things up. 

When dry, give everything a light sanding, then burnish 

with beeswax. 


PROBLEM SOLVING 

* Tins is one oi those projects that needs to he continually 
tested far f>t as the various parts are made. Find a way to 
temporarily tack parts together, such as using hits aE Blue 
Tack, small strips of double-sided, taps nr tiny drops of Super 
Gina. The SupEr Glue gives the test held, but you must 

be absolutely sure to only use tiny amounts-no more than 

a pinpoint 

* II you want to use the weighted disk but also want to have 
some part of the pockets shewing as a decorative feature, 
here's a solution. Make the drilled pockets so they’re a stepped 
hole that will trap steel ball bearings. 'Hits way the ball 
bearings will show through tbe boles on the face of the weight 
disk but still he hekt in place. 

■ Ta get a more elegant look, use better woods such as plum, 
lime and boxwood The fExture of these woods hives a fine 
finish and beautiful colois 



FIGURE 23-15 

Note how the two blocks both nicely distance the guides and 

contain the push rad. 



FIGURE 33 -IE 

See haw the bottom end af the push rod has been shaved dawn 
ta the thickness of the cam so that it doesn't get in the way of 
the crank. 
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PROJECT 24 


Water Lift Pump 



PROJECT BACKGROUND 

When we were first married.. Giil and I Jived, in a Harm cot¬ 
tage that had a well and a pump to draw our water. 1 was 
forever climbing down into tbs well to sort nut rhe Inathnr 
flap vaJve at the bottom of the pump chamber, it would get 
blocked with mud, stones, grit, dead frogs and all manner of 
things. Life with such rustic charm was never lacking in 
wet, muddy, cold chores. 

That old lift pump was a beautifully simple piece nf 
machinery. Basically it's just two valves working together. 
When the handle is Sifted, the rod goes down, the valve at 
the bottom cl the chamber closes, the valve at IhE bottom 
of the piston opens and water rushes to the top side of the 
piston. When the pump handle is pushed dawn, the red 
comes up, the valve at the bottom of the chamber opens, 
rbe valve in the piston cinses and water floods the bottom 
chamber, fEady fur the next pump stroke. 


PROJECT OVERVIEW 

Study the project picture (right), the working drawings 
(Figure E4-2A) and the templates (Figure Z4-3B). While 
the various components are relatively easy to make, the 
assembly is convoluted. The problem is the component 
parts are short grained and fragile, with lots of curved 
slender sections that run across the grain, plus 
there are lots ui paris. The measurements can 
be modified, except for the rod and chamber 
lengths. If you want to alter the size ef the 
project, use stiff paper and pins to huild a pro¬ 
totype first. 
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WATER LIFT PUMP WORKING DRAWING 



FIGURE 34-EA 

The critical factors that 
control the action with this 
modal are the distance 
be tween the handle pivot and 
the handle-rod link, and the 
lengths of the rods r It's a good 
idea to make n cardboard 
prototype to lix the vnrions 
critical measurements before 
you cut them out of woo d, 

A EHnklnnard 
B Bass hoard, 
c Side lug board 
D Handle. 

E Joint LuUtaae. 

F Chamber side., tep left, 

G chamber side, hottam laft. 

H Spout, 

1 Chamber a Ida. 'up tight. 

J Chamber side, bottom iight. 
K Top 

L Eottom rod. 

M Neclt frcsi. 

N Bottom hall valve. 

0 Tap ball valve 
F Pi stan. 

0 Wadding box we dne 
a Chamber RlgtR. 
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WATER LIFT PUMP TEMPLATES 



FIGURE Z 4 - 2 B 

The scale is two g?it! s guares 
to 1". Hate that wa have only 
illustrated the tliJIicuitlo 
Fisualize c diiip on exits. 

A Backboard. 

S EasE hnarrt. 

C Side luy Uoarcl. 

JQ Handle, 

E Joint UjLkaye. 

r CharaUEr si ae, top lect. 

G Cbamh r r s i i!r. hot tom left. 

H Spout, 

1 C ham.be r s i de. r . up i i ghl. 

J ChambEr si de.. bottom right. 
K Top md. 

L Bottom rod. 

W Neck bar, 

N Bottom batl valve 
P Top ball valvE 
P Pi stun. 

0 Wafltltng box wotlga. 

A Chamber slats. 
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Set the back beard at right, angles to the base and 
support it with a piece of scrap. 


CUTTING LIST 


A 

Backboard 

3 A * 4 l /i *10 brown oak 

B 

Base hoard 

V* * 47s 15 12 brown oak 

C 

Side lug board 

Vi * 3 * Q'/t hr own oak 

D 

Handle 

7j * 27:: * 9 American oak 

E 

Jo Lilt linkage 

L /a * 4* 4 cherry 

F 

Chamber side, fop left 

7 ^ »2 s 3 pitch pine 

G 

Chamber side, bottom left 7 s * 2 * 3 pitch pine 

H 

Sprint 

7- * 2* 47s pitch pine 

I 

Chamber sids, rap right 

7a 11 2 * 47a pitch pine 

J 

Chamber side, btm right 

'-/a ■ 2 * 3 pitch pme 

K 

Ton Tod 

7a * 1 * 47a pitch pine 

L 

Bottom rod 

7a 11 1 “ 7 pitch pine 

M 

Week bar 

■/j* I s 37s cherry 

N 

Bottom halt valve 

7. *2*2 pitch pine 

0 

Top ball valve 

7s * 17s * l'/i plum 

P 

Piston 

7a * 2 * 3 plum 

0 

Wadding box wedge 

7a *2*3 plum 

R 

Chamber slats 

7it “ Vi “ 3 plum 



CHOOSING YOUR WOOD 

You can use just about any wood you like, just make sure 
it's dry,, easy to cut an a scroll saw and free of splits and 
knots. We used English brown cak lur the base and back 
hoards, American oak for tire handle and scrap pieces of 
pine., cherry and plum for the rest. Select woods that have 
rich color and grain patterns from one component to 
the next, 

MAKING THE BACK, 

BASE AND LUG BOARDS 

□ Study the design (Figtires 24-2A and Bl, noting how 
the base hoard, backboard and the small lag hoard 
arc made from VY'-thick wood, with the variaus curves 
drawn with a compass. The greater part of the base is set 
to the front af the backboard, with the two beards fixed by 
a glued-and-pegged batten, 

□ Plane your wood to a finished thickness of w". it 
should he free of splits and knots. If you're using a 
tough wood like the brown oak I usEd, then it's also a good 
idea id sight along its length checking for twists. 



Draw the design out with a rule, square and 
compass, and cut the pieces out on your scroll saw. 


□ Decide where the lug needs to he positioned, and 
then dry fit it in place with a ecu pie of dowels. 

MAKING THE CHAMBER 
WALLS AND VALVE BALL 

□ Plane the wood to a finished thickness of about W, 
Han't worry if it's a little oversize, as it’s better to he 
slightly tuu thick than too thin, as lung as the thickness 
is uniform, 

□ Trace the design from the working drawings, then 
pencil press transfer the traced tines through ta the 
best lace ol your weed. Remember to position the tracings 
so The grain runs up through the walls of the chamber, 

□ With the design laid nut, cut out the pieces on your 
scroll saw (Figure 24-3), While it’s all pretty 
straightforward, be careful when you come To the curves. 
You don't want to go too fast or too hard and split the wood 
across the fragile short grain. 



FIGUHE 24*3 

Walk with a new, iirnpeily leiiaioiiDd blade. Make sure you cut 
slightly to the waste side af the drawn line. 


WATER LIFT PUMP 
! It dll hlMl 


235 

d hUJdlllJ 
























Co|>yiighted Material 



FDBDBE 34-4 

Hotfl tba lima radln cuni if Qe btemcuoii il Ebs 4ra«s 
dreia. nm lidplftnatg QtaBfliuffri istf miftetHD- 

BtHdlHlL 



FEGOBE £4-5 

in imuortaiLt (bat tbs aids wan «l tba aaubir am par allal Bt 
Bicb «IIb; m tlic cuiupniicDts wltbLo (baebanbaf irslraeto 
LlLC'VG IMlriODWlL 




FIE HUE 24-G 

Cbdni^hnUBHCtacl! UanaiiBiabails r* odstud Kcwacj. IV 
yow uh a nlBtakfl, Dub tba aaolcgrnilEtanikE iibwIimhI 


FBGDHE £4-7 

WDfbwltb j Dgblapiria-pflilnfl Btnrin.wlDiftb&diiiBbil tba 
right idDrl cD]LttoLd]ii3 tbelmotbof Ibe strata. tiwavg rwk 
will tba m ol tiie ff^lL Itii casbt b asd-isfir lie mar 
■qmiid 


MAKING THE LINKAGE 

Study Figure 24-2A, noting how the linkage design 
is based, on four circles. Two circles makeup the 
basic heap disk, and two smaLLer circles for the pivot 
Linkage points. 


Plane the wood to a finished thickness of about b /b". 

Draw a center line that rune the direction of the 
grain. Mark a point midway alcng the line, and draw 
out two cUgIbb cne within the other. One should have a 
radius of 1" and the ntbei aradiuE of IVY - '. Mark the center 
line halfway acroBEthe width of tba hoop at top and 
bottom, then ueb a compaEE tc draw two circles with a 
radiuE of VY. 



Draw Little radiuses at thE inteiEECtlonE of all ot 
the circles. 


H Drill the pivot points with a bit that matoheE your 
do weIe, Then drill another hole through the waste 
area, and cut outthepartE (Figure £4-4], 

Make the handle and the piston. 


MAKING THE HODS 

B Plane the wood to size, and use a rule, square and 
oompssEto draw cut the design of the two rods. 
Have them about: : /u" wide along their length, with ends 
based on vV diameter circles. 
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FEGDHI 34-8 

Brute linwa, latHe-rtJauiehi For Etna kirtaslieBuiHdtDbatintbB 
udoibhb or Qte Handle pivot pout 


Q Cut out tbs rode an your scmll sew, drill holes 
through tbe pivot centers. then check the fit of 
everything (FLgute Z4-EJ. 


Wlien you have fitted the two radE, the sum total 
Length between the pivot point on the top end of the 
top iod and the pivot point on the bottom end of the 
bottom rod should be euoh that the pLeton fits on hath the 
up and down strokes (Figure 24-E). 


3 


□nee eatlE-fLed with the shape and sloe of the rods, 
use a knife to whittle the ends down to shout half 
their thicknesses so the face of the pivot circle te smooth 
and flush. Work with a tight paring stroke from center to 
end, creating a nice, clean curve from the top face down 
(Figure £4-7). 


0 Ueb a knife and fine sandpaper to give the rods and 
all other components a smooth finish. 


ASSEMBLY AND FINISHING 

□ Check over the parts for epllts or wsrpe (Figure 

E4-B). Make cure the various mating surfacaE are to 
Elae eo the parts can work together smoothly. 


Do a trial assembly. Start hy pegging the chamber 
sldeE and the wadding wedges onto the backboard 
(Figure 34-10]. Note how the wadding pins need to be long 
enough to take the neck bar. 


Set the rnde and the Joint linkage in place with the 
pivot dowels a tight fit in the linkage and a loose lit 
through the rods (Figure 24-11). The bottom rod shnuLd be 
a nice snug fit between the ivedges. 



ficohe 84-g 

Cbaet tbctapmeals fir jn oblBius. Be nri careful wlioo 
UmrOlDg tbecbaubBf wall strips, as Ibey an viiiy fragile. 



FIGUEE 3440 

Hots bow tbe wlsktooD sflupe al lbs wadding box vbIubi Helps ta 
ci cate i dynamic died bf dbecUbg Ibe eye diva and tnvlB 
Qa clamber. 
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Sul Itia large disk valve In place in the chamljer, ihe 
piston on the bottom end of the rod and the neck bar 
in place across the wadding wedges. Gand any parts that 
are binding unlii you have a good fit (Figure 34-13). 

Fil the valve In the pie tan and the stale across the 
chamber, then stand the whole works upright and 
tost the movement (Tigurc 34-13). 

When you have a smooth movement., and have 
determined what needs to he glued and pinned, 
disassemble and do a final finish sanding. Apply teak oil 
to all surfaces except those [aces heing glued. Glue up, lit 
the small pins,, and, once dry, give the whole works a coat 
of henswax. 

PROBLEM SOLVING 

* With a counplax prelect lika rhls, you're continually Sitting 
and modifying parts This heing so, save yourself some 
effort and Imld o(i online Banding until the very end, after 
Everything is working properly. 

* II ihe movement is atlii cu crooked, then it could he that the 
handle pivot ls badly placed on the backboard If sa, drill a 
selection of holes and tEst each one lor tha best fit 

■ You could have a hack linkage function that moves the 
bottom ball valve up and down. 

* The backboatd and base can he increased to 1' thick 


FIGURE 24-n 

The linkage pivot dowels need to be a tight lit in the linkage 
circle Eind a loose fit Eh the toil. At ft later stage, you will have to 
held the tod and venous ether components in place by running a 
thin wood pin through the dawaL 


FIGURE 24-13 

Kola haw Ihe greater length, of the base needs to bo at the front an 
the machine is sta-hle and won't tip forwards. 

i Utiimimna liradtic 


FIGURE 24-12 

The Distort is extremely fragile, sad you might need to laminate it 
up from veneers to give It estra Strength. 
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Lever and Ratchet Mechanism 


PROJECT BACKGROUND 

When we were first married,. Gill and I lived in □ cottage 
deep in the country. with no electricity and no indoor 
plumbing. Wu get by with lata ef oil lamps and a well io the 
garden. We could have purchased a generator to provide 
power, but we were trying Dur best to be self-sufficient. The 
most pressing problem was always how to lift the 'water up 
front the well to the storage tank on the roof. We tried hand 
pumps large and small, a fnot panip.a wind-powered pump 
with propeller blades, among other things, hut none of 
them worked that well. The band pumping was such hard 
work that I think I drank more water than I ever pumped up 
to the tank. Well, finally a local farmer took pity on me and 
showed me how to pump water up by means of a simple 


lever and ratchet mechanism. Summarized, you lash one 
end of a rope to the top branches of a tall tree and the other 
to the mechanism. When the wind blows, the tree sways 
backward and forward, the rope repeatedly snatches at the 
lever, the ratchet inches round and a tilt pump is set into 
motion. While doing it this way only brings up a teacup of 
Wat or at each jerk af the lever, the wind was free and did all 
the work. Over time the tank would fill bit by bit, and we 
didn't have to spend hours each day manning the hand 
pump. This is not the project for you if your goal is to 
impress your friends with dramatic actio-n and movement. 
Instead, it's a wooden representation of one of those 
behind-the-scenes devices that makes our lives easier by 
quietly going about its business. 
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LEVER AND RATCHET MECHANISM WORKING DRAWING 



A 


B 




FIGURE 25-Z A 

With tbit project, note how 
the drive wheel needs ta he 
turned In A clockwise 
directum. 

A Drive wheal stanchlon. 
b Ttiethecl wheel atsnclh on, 
C Lang aranli dFiVs iad. 

D Shait crank rod. 

E Contra] arm 
F Drive wheal. 
b rocthed wheel. 
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LEVER AND RATCHET MECHANISM TEMPLATES 



FIGURE 35-SE 

Tht> templAtBS drawn to 
a scale oi two qrid squares to 
i n (top), and four arid squares 
ta 1" (bottom right)., Ha Id bow 
the main stanchion is dr awn 
out by means of a compass, 
with the radius curves 
betwean the circles being 
drawn by band. Nets also 
hew the toothed wheel is 
drawn ant. 

A Drive vfheeI stanchion 

B TTdDthed Ufheal stanchion. 

C Long crank drive red. 

D Short crank Tciri, 

£ C antral arm. 

F Drive wheel. 

G TtaDlht;:! ivliseL 
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CUTTING LIST 

Note: you might want to stall cut sizing things clc-soi ta 
iinishad dimensions, You can also save yourself some planing 
hy choosing wood of the proper thickness. We have only 
illustrated the critical or dihicnh-ta-visuatazE camp orients. 


A 

Drive wheel stanchion 

1 x 4 x 3 '/: beech 

E 

Toothed wheel stanchion 

1 K 6 M 5 b ooch 

C 

Long crank drive rod 

11 l’A 1 UVi cherry 

D 

Short ciank md 

* V/a * G cherry 

E 

Control arm 

1 * 3 * 7 beach 

F 

Drive wheel 

L /a * 3 x 3 mahogany 

G 

Toothed wheel 

3 A * 47= « 47s koGcti 



PROJECT OVERVIEW 

Study the project photo, the working drawing (Figure 25- 
2A] and thE tEir.plates (Figure 25-2E). TJoto that all the 
components are fined to the base Do aid. with the primary 
moving parts pivoting on stanchions. In action, the drive 
wheel is turned, the Jong crank rod goes forward, the little 
finger-drag component nudges and drags, and the toothed 
wheel goes nround. The control arm ensures that the 
toothed wheel only turns la Lire one direction. 

While the in dividual procedures are pretty straight - 
forward, involving just same scroll saw work, drilling and 
whittling, assembling the machine is tricky. Alternatively, 
if you're the optimistic sort, look at the assembly as a 
glorious challenge. 

CHOOSING YOUR WOOD 

The wonderful news is that you can use nearly any wood— 
lime, oak, pine, hooch, sycamore, maple, cherry—just ah Dot 
anything you find in your scrap bin, Just be sure the 
toothed wheel is made from a close-grainnd dense wood 
that's strong across short grain. Remember also that you 
are building something that a lot of people are going to 
want to try out. so choose wood that will hold up to a tail of 
rough usage. 

MAKING THE STANCHIONS 

understanding of how the project needs to be made and 
put Together- 


Study the working drawings (Figure 35 3A) and the 
templates (Figure 35-30), so that you have a good 



FIGURE 25-3 

□sc a small hanmtti and a black lb drive thb dowels home. 



FIGURE 25*4 

But I t|t« workpiece hard up aga inal a atop (I'm usintj a bench 
baohj, and use a gauge la skim the waste dawn to a depth of abaut 
W. Be careful that you don't mn the gouge into end grain. 

□ Take the wood that you have chosen for the base 
board and plane and cut it to size—it needs to be 
about 7V r thick, 5" wide and 12" long. 

Take the ]"-thick wood for the otanrhlono and plane 
it to a Unis bed thickness of about Vb*. Draw the two 
images out to size, and fret them out on the scroll saw. 

Take the drive wheel stanchion, run the holes 
through—for the moin pivot and tho firring dowels— 
and then position it on lire base and fix with dry dowels 
(Figure 25-3), It's important that tbs stanchion is fair and 
square with the base, so Spend lime getting it right. 


4 



LEVER AND RATCBET MFCHANISM 243 

TGpkian. 3aiiMtiieHHbik£ asTopckUM np 















FIGURE 25-5 

Sand the form so that tbs raised circlE runs in a smooth curve 
dawn ta the level of tbe lowered waste. 


Take the blank far the other stanchion, and use a 
compass set to a radius of IVa” to draw in tho 
decorative casting circle. 

Run the tour holes through with the drill—two tor 
pivot? and two for fixing. 



FIGURE 35-6 

You always uoed to consider the run of tho grain, especially If 
the cDiupoiiBiit parts are long and slender. All that said, I'm not 
entirely happy with the grain on the right-hand and of the rod—it 
looks a little abort grained and weak. 




□ Take a small shallow-curve gouge: set the workpiece 
flat down on its back so that it is hutted hard up 
against a stop with the trout face uppermost. Then set to 
work cutting hack the waste. Lower the waste little by 
little, with a series oi shallow skimming cuts (Pipure 
25 4) until the casting circle is left standing proud hy 
□ bout '/V r . If you tiuvo got it right, the two side lugs and the 
top head will finish up at about W thick. 

□ When you are happy with the overall shape of the 
casting feature, use graded sandpapers to ruh the 
contours down to a good finish. Work from rough through 
to smooth, with the sandpapers wrapped around a length 
nf dowel (Figure 25-S). 


□ Choose your wood with care. It doesn't matter too 
much if the grain is □ hit wild, as long as overall it is 
sound and running along the length of the rod (Figure 
25-S), Tn draw out the outer rods, start hy fixing the 
position oi the end-centers. Draw a center line, measure 
the end-centers on the line, end use the compass to draw 
the ond circles. Draw parallel linos each side of the center 
line; draw the radius curves freehand, Drill the pivot holes, 
and than finally fret out the total profile. 



Fret out the drawn profiles on the scroll saw, and 
trim thorn up with a small knife so that all tho angles 


are slightly rounded. They should look as it they might 


have been cast (Figure 25-7). 


MAKING THE CRANK HODS 

Have a look at the working drawings and templates 
(Figures 25-2A and B). The two crank rods are more 
or loss the sumo shape—the same diameter ends ond 
similar curves. The only real difference is that the long 
rod is W wide and the small rod W, Doth rods are about 

Via" thick. 


□ Finally, take the long rod and drill a line of four little 
holes at one ond tn give you line-tuning choice when 
you come to the putting-together stage. 



LEITH AH DRAT CHET MECHANISM 








FIGURE 05-7 



IFIGURE 05 -B 


Cut from and to middle so that you avoid running- the blade into 
the end yrain on the edge at the dish ond. 


Whit tie the end dE the arm BO that it fite neatly between the 
pivot plates. 


MAKING THE CONTROL ARM 

n Havs a look at the working drawings (Figure 25-2A), 
and see how the function □( the arm is to sit heavily 
on the toothed wheel so that the back-dragging action ot 
the linger-drag component can't pull the wheel in reverse. 
Note how the arm is pivoted between two plates that are 
fixed at cither side of the stanchion fest, with the width of 
the arm being reduced aa that it fits between the plates. 
She also bow the arm is held in alignment by being 
threaded un a large dowel post that is suckeLed into the 
base slab, with the threading hole being shaped so as to 
allow for movement. 


O Wbfln you have a clear picture of rba shape and 
function of the arm, draw the image out any oar 
chosen wood and tret it out on the scroll saw. 



Run the holes through to match the diameter of your 
chosen dowals, and then use a knifa to shape up the 


detaiis—the narrowing at the Lip and the pivot area, and 
the free shape around the large posthole (Figure 25- 8). 


MAKING THE TOOTHED WHEEL 

B Use a compass to draw twe circles, one within the 
other- the outer with a radius oi l-/ 3 ", and the inner 
with a radius of about LvV r . Use a pair of dividers to run 
22 equal alcp-olts around Lhe urcuinference of the large 
circle. You could use math and a protractor to set the size 


ot the step-offs (360° divided by 22 = 16.36 Q b but it's so 
much easier to go far a guesstimate size and to wort the 
step-offs out by trial and error. Draw radius lines from the 
resultant intersections. Lastly, draw diagonals across each 
□I the step-offs. 

HHH With all the guidelines in place, use a Cr.ir.fl or scroll 
mm saw and slowly cut out tire teeth (Figure 35-9). 

ASSEMBLY AND FINISHING 

□ Now comes the finger aching task of having a dry 
run put together. Don’t worry about fine sanding at 
this stage; just make sure that everything is ticket 1 /-boo 
ar.d all present and correct (Figure 25-10)—no splits nr 
warping. When yau are satisfied that aft is correct, wipe 
the surfaces (barring those that are going to be glued) 
with a small amount of oil. 

H Sot thn twa stanchions in place on the faasE and fix 
them with stubs of dowel. 



Fit tbE control arm post, slide the main pivots in 
place in the stanchions, and fit the drive wheel 


(Figure 25-11). 
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Don't bo tempted to msh this task. The tooth need to ho cut with 
□ aiE, and, morE than that, the hand saw Ls potentially a very 
(tiingsrous machine. 



FIGURE 25-10 

Give all the component parts a swift rah down—just enough to 
remove the worst of the sawn edges—find than give them their 
first wipe over with o-il. 


Take the control arm, pivot it beLween the little 
plates (Figure 25-12), and tlren fix it in position, at 
the bottom af the drive wheel stanchion. 

With the centre] arm in place and located on the 
alignment post, slide the toothed wheel on its pivot, 
and make fine adjustments—to the pointed end oi the arm 
and/or the size of the alignment pest hole (Figure 25-13). 

H Pivot tho lit tin finger-drag block in place in one nr 
other of the lout holes (Figure 25-14). Note ihat you 
might well need to drill another hole—it all depends on 
tho shape of your finger-drag and the shape of the teeth 
on your wheel. 



FIGUHE 25-11 

Fit the large-diameter dowel rod In the center ef the atonchian. 
Nolo the spacer that is used to distance the crank sc Ihat it 
doesn't wander from side to side. 



FIGUHE 25-12 

I built each pivot plate up in two layers so that the two plates 
could ho stopped at either side of the stanchion, 
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FIGURE S5*13 

Fiddle astound with the length of the Arm And the shape of the 
posthole until the painted, end of the arm cants 9 nicely to rest on 
the toothed wheel. 





FIGURE 35-15 

ft the length of the rod Is such that the finger-drag unit fails to do 
its stuff, then consider fitting the dreg in the neat hole down. 



FIGURE 35-1G 

When you have got the movement tight, von can cut the various 
dowels to length and tit the holding pins. 


FIGURE 35-14 

Locate the little pivot in dub of the tour holes in the shaft of the 
rod, ns indicated by the top black arrow above. 



Finally, glue im rub the whole works down with oil, 
set the oil dry, and wax palish. Than the machine is 


finished and ready for showing. 


Fit the short crank rad in place, set the linger-drag In 
position, and then link the drive wheel and the top of 
the short cranlc with the long crank. The long dowel at 
bottom right gets cut back later (Figure 25-15], 

□ When you have struggled to get all the parts in 
place, then have a trial turn and see if the finger 
drag dues its thing (Figure 25-1G). Be mindful that you 
might have to make adjustments ta one ar all of the 
moving parts. 

□ When you have achiever] what you consider to lie a 
goad movement, then disassemble, and rub all the 
parts down to a fine finish. 


PROBLEM SOLVING 

- If yon look closely at Figure 10-15, you will sc-c that thevo is 
a drilled hole on the tou end o! the short crank rod. iusl ta the 
led of tlie pivot. Tins is a mtstake that nnciniBd whan 1 was 
trying to figurE out how to fit the finger- drag component. 

■ If the side -to-side movements ot the two crank rods are a bit 
□lack and messy, then yon might well consider sandwiching 
the Ions tdd between a couple ol pnala. 

- If you decide to use a hand saw to cut the toothed wheel, 
then yen mnst for safety's sake control thE workpiece with a 
couple of push sticks it's too small to be handheld. 
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PROJECT SB 


Screw Jack 


PROJECT BACKGROUND 


PROJECT OVERVIEW 



The screw Jack is a mechanism in. cnmcnon use fur raising 
heavy weights through short Hite. It consists af a powerful 
combination of teeth and pinions enclosed In a metal 
frame, Etock or box. If you are Interested to math and have 
gat a year or two to spend reading up then there Is a whole 
mountain of figures on the screw Jack: the ratio between 
the number of teeth, the diameter of the 
wheel, the length of the handle, and ed on. All 
you really need to know is that if a man or 
’woman is able to raise about EO pounds in 
weight, then they will, by means of a Jack, be 
able to ralEe about twenty times this weight 
(shout E tone). The Jack is usually fitted out 
with a simple mechanism known as a 
pall and/or ratchet that stops the mo¬ 
tion when It begins to run back. 


The Jack is made up of three primary parts: the small gear 
■wheel, the Large gear wheel, and the long toothed bar or 
rack—all pegged and pivoted an a frame The toothed and 
slotted rack Is held In place by means of a long plate, with 
the two dowels that run through the plate also controlling 
the height of the movement. The little pall mechanism that 
sits Just above the large wheel is pegged into a slot in such 
a way that it rises, falls and Jams the mechanism so that 
the rack is held in place. When you want to bring the rack 
down, you simply raise die piLL flip it over and then wind 
back. The success of the project has to da with cutting the 
teeth. If you like working with rule and compass, and if you 
have a scroll saw, then you ate going to gat a good deal of 
pleasure from this project. 


If 
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FIGURE A 

Apart from tha rack and the 
wheels [which noad tiq ha 
drawn. csrncH]r|, tbe only 
other things you have to 
worry about are Hie positions 
al the wheel pivots to ana 
.niatlior, and of the two wheels 
in relation to tha rack, 

A Base plate, 
fi Frama support. 

C Dais. 

JJ Frame. 

E Largo gear whEEl. 

F flack. 

G Crank handle. 

H Small gear wheel. 

I Washer plate. 


inpTJT VIEW 


SIDE VIEW 


TOP VIEW 













































SCREW JACK TEMPLATES 



FIGURE 2S-2B 

The 9 bbU is two gild 
sauarc-B to 1”. 

A Base ?la!e 
B Fiams BuppjiL. 

C Dais. 

D Fiajna, 
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SCREW JACK WORKING DRAWING 



riGDBE 2G-ZC 

ThscaEe h Mr ffU 
sqwetor 

E Larns a :ar wbeei 
r Rack 

G Hrenk handle. 

Q JLiTflll g:2r wli«L 
1 Viua: hjtr p! an . 
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CUTTING LIST 


A 

Base plate 

-7* *fl*3 oak 

B 

Frame supped 

7i * 8 “ 3 oak 

C 

dais 

Cut from frame support 

D 

Frame 

V< * ft K 12 cedar 

E 

Large gear wheel 

a A * 37 * 3 Vs walnut 

F 

Rack 

7« x 2 }/-.-. K 12 pine 

S 

Crank handle 

L A “ 2 * 37 e mahogany 

H 

Small goaT wheel 

7+ - 3 * 3 oak 

I 

Washer plate 

Vi j- 1 L A'6plurn 



CHOOSING YOUR WOOD 

This is one of those projects where you need to be pretty 
choosy over your wood,. I say this because the success of 
the project hinges on the teeih being cut and worked with 
care—with all the teeth being nicely shaped. And oi course, 
it's no good working with a loose- groined cosy-to-cut wood 
that is likely to split and/or crumble, if a tooth splits off, 
then the project is Tinned. What all this amounts to is that 
the wood needs to he hard and dense grained, so that it 
leaves the saw with the edges being bnrd and well defined. 
I used salvaged cedar lor the irame. walnut ior the large 
wheel, oak for the small wheel straight-grained pine 
fur the rack, eak for the base, and hits and bobs for all the 
rest, If you are short of wood, then it is best to save the 
choice bits far the toothed components— meaning the two 
wheels and the rack. 


MAKING THE FRAME AND BASE 

□ When you have spent a good long time studying the 
working drawings end designs— so that you have a 
clear picture in your mind as to what goes where and 
how—take the wood that you have chosen for the frame 
and the base, end plane it down ten a finished thickness of 
about 3 A". Wot to worry if it’s a wee bit thicket, as long as 
it’s a uniform thickness overall. 


□ Notice hew the frame and the base plate are in the 
main achieved by using a compass, and tne little 
dais piece is no more or less than the waste cut from the 
Irame support. This done, then use the rule, square and 
compass to set the lines of the design out on the best face 
of the wood. 


Fret The profile out on The scroll saw. 



FIGURE 23-3 


Take Extra caia whan you an freIting out the wheels. Keep the 
line ni cut slightly to the waste side of the drawn line, sad make 
sute tint the siiw table Is correctly set—meaning At tight angles 
Id the run of the blade. 



Establish the precise position of the various pivot 
holes, then run them through with ah’t size to 


matchup with the diameter of your chosen dowels. 


MAKING THE GEAR 
WHEELS AND THE RACK 


□ Plane yaur wood to a iinished thickness of about /y 
for both wheels and the rack. 


□ Use a compass to draw the two circles out on the 
wood—tbs large one with a radius of l B /n", the small 
one with a radius oi l'A*. 


Trace the designs from your working drawings, and 
then transfer the traced Imagery to the best face of 
the wood, Use the circles as an alignment guide. 


Run the three components through with drilled 
holes—at the cEnter of the two wheels and at each 
end of the rack slot. 


4 


Fit a new line-toot bed blade in l he scroll saw, adjust 
the tension, and make sure that the saw table is at a 
nght angle to the bladE. 


□ Finally, fret out the design. Take your time and go 
slowly so that all the sawn faces are crisp and 
smooth (Figure 26-3'), 
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FIGURE SB-4 

Do your boot to ensure that the sawn linos are smooth-running 
and nicely curved, II the saw feels to be herd going, then was the 
table to cut down On friction, and chock that the blade Ib in good 
condition and well tansianad. 

MAKING THE WASHER 
PLATE AND THE CRANK HANDLE 

Plane your chosen wood down to a thickness 
hot ween Via* and V* r . 

□ Draw tftE imagery nut on the bnst fane nf the wood, 
run the holes through with the appropriate size hits, 
and then fret the profiles out on The scroll saw. Go at it 
very slowly, nli tiiE while doing your very heal to ensure 
that the line of cut is crisp and smooth—no stop-start 
stops or ragged cuts (Figure 2E-4}. 

□ When you have achievad the cut-out for the crank 
handle, first drill the two peg-lilting hu3es— through 
the crank and the small wheel—and then take a small 
knife and trim tho arm ta a rounded finish (Figure 2G-5). 

ASSEMBLY AND FINISHING 

When you have achieved all the component parts 
that go to make up the project, set them out best face 
uppermost, and systematically check them ever far 
potential problems (Figure 26-6). Okay, sol always say 
this, hut the sad fact is that projects nf this type and 
character are often less than beautiful, or are f hat much 
lass successful, simply because such and such a part is 
flawed er needs to he re-cut. 

H Don't worry at this trial run stage about a fine finish; 

just make sure that the edges are free from splinters 
and fags. 



Whittle the arm to a rounded finish so that a little curve runs 
down Pi am the flat face of the circle. Work from ends through 
to center. 



FIGURE 26-B 

Chock the componcnIs to Make sum they are free Irom splits, 
and then give them a swift rub down in Teadineaa far the dry trial 
run nutting tog ether. 
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FIGURE 25-7 

s e i the frame up on the base, and fi* the largo wheel in place. 
Kate Ike little filing dowels that run through the bottom of the 
(tamo And into the frame support. 



Fit the frame sap pari La the base slab, set the large 
wheel on its pivot, and fix the frame in place with 


dry dowels. 


Q Maka ruth the frame is stable and trus-firm, square 
and free from wobble [Figure 26-7). 


H Sct tha guide da wets in place in the frame so that 
they are a tight push fit. Set the rack in id lace, with 
its teeth ninety intorlockod with the gear wheal, and turn 
the wheel over to check out the movement, n need be r 
adjust the dowels and/or the slot so that Che rack is able to 
move without hindrance (Figure SB-6). 


Fit the little pall font in tho slot, and fix ]t in place 
with a backing plate so that it is loose fitting and 
able to fall freely (Figure 36 9). Test it out to see if it jams 
the mechanism. 



FIGURE 26-B 

Fit Ike frame on ftg pegs and teat out the movement. If necessary. 
Base the movement by widening the slot and/or slightly reducing 
the diameter of the dowels. 



FIGURE 26-9 


The idea is that the Bell should be free to rise in its slots, with tho 
little backing plats ensuring that the pall is held square to the 
front of the frame. 
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FIGURE 2G-10 

Have q small wooden pin 
running tin nunh the dowel 
pivot so that tho wheel is hue 
to move. Hate the whittled end 
of the through-knoll dowel pin. 




FIGURE 28“IB 


FIGURE 28-11 


Generally ease the go mpo neats until tho movement is omaoth. 


Blind holes din host achieved with, a Forstnor hit. Hate how the 
pattern oi dec atative hales relates to the pattern of teeth. 


aamumcHHbii'’ asTopcKHM npasoM 


208 SCHEW JACK 





FIGURE 3S-13 

When y mj ape rubbing dawn, 
as led fomul items to match 
the profiles—pencil6, p Invite 
pans and the Jibe—end use the 
finest grads el papers. 


Sel the crank handle on the small wheel and lit jL In 
place with a couple of dowels bo that the crank and 
the wheel become a single clenched unit (ragtire 2G-1DJ. 
Whittle a pivot to run through the knoh, so that the end of 
the pivot becomes □ design feature. 


Q Set the small wheel in place and fix it at the hack 
with a small wooden pm. Have a Lrial run and see 
how the movement functions (Figure £6-11). If one or 
other of the teeth jams, then ease it with □ fa id of fine- 
grade sandpaper. 


□ When you have achieved a good easy movement— 
with all the component parts running smoothly one 
□ gainst another—then pencil label the teeth se that you 
can identically ref it. 


ID 


Disassemble Hie whole works, and spend iirne 
adding the decorative features like the pattern 


□ f blind hoies on the front face of the large wheel 


(Figure 26-12). 


Huh all the sawn edges down to a smooth finish. Pay 
particular attention to the sharp comers of the teeth 
(Figure 2G-13). 



Finally give the parts a coat ol leak oil: let It dry. 
Give the surfaces another swift sanding, glue up. 


burnish with beeswax polish, and the project is finished. 


PROBLEM SOLVING 

* Be mindful that there are three main factors governing the 
□month running movement aE the (Getti the shape of the teeth, 
the shays ut Lite gays between the teeth, SEtd the distance 
apait of the pivots. 

■ If you Want to make sure that tha movement is rjoinn to 
work the first time around, then u would he a good idea to cur 
a second frame hoard main from inexpensive wood. You can 
thus ensure that the pivot spaclogs are perfectly placed lor 
the size Df your wheels. 

* II yon have made a meas-uy and you need to alter Ihe 
position of the pivot holes, the procedure is as fallows: plug 
and glaE the holes with a dowel cut from matching wood, sand 
back to a smooth finish, and then drill a new hole, 

' Be mindful that a good waxing is one sum-(ire way of 
enstiting that mating components run smooth. 
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PROJECT 27 


The Bicycle Chain Machine 



chai n being m ade up from a large Tin mb er □ I Identic al li nks. 
If y du Look closely at the chain, you will sec that the links 
are first grouped in pairs, with the pairs then being [inked 
to each other, The distance between the centers of neigh¬ 
boring hall-circle notches— this being the tooth—is ol ne¬ 
cessity the seme as the distance between the centers of the 
dowel pins on the drive chain. As tha wheels turn, it is thE 
halt-circle notches that locate and pull on the chain, 

As you might wsll imaging, ThE important thing about 
this project is that the notch centers and the link hole 
centers must be the same. Note how there are 16 
notches aruuiiri the circumference of each 
wheel, with each notch being centered on 
the intersection of □ radial line and the cir¬ 
cumference. see also how the IS radial 
lines are equally spaced, at 22.5 D inter¬ 
vals (3BD divided by 16 = 33.51. One look 
at the various photographs should con¬ 
firm that this is dug of those projects 
that require an electric scroll saw. 


PRDJEGT BACKGROUND 

When I was a kid, I nscd to spend hours taking my bi cycle 
apart. My birr thing in life at that time was making bicycles 
from screungsd parts and then selling thsm to my school¬ 
mates, l particularly enjoyed taking the drive chain apart. 
The bicycle chain is a beautiful item—lots of identical 
Component parts, all made of steel, fitting together to make 
something both strong and flexible. The earliest known 
sketches of □ bicycle (or drive) chain were made by Leon¬ 
ardo da Vinci. The curious thing about his sketches is that 
it appears he was inventing components before there 
was a real neEd —a hit like inventing the electric 
coffee maker before the invention of electricity! 


PROJECT OVERVIEW 

Have a look at the- project picture, thu work¬ 
ing drawings (Figure £7-2 A) and the tem¬ 
plates [Figure 27-2E). The machine is 
made up oi a stand, two doweJ pivots and 
two drive-chain wheels, with the actual 


ilbl 
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THE BICYCLE CHAIN MACHINE WORKING DRAWING 
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FIGURE 3 7-2 A 

With this modal, the critical measurements 
sib the distance between link pivots, the 
length of the lUika, awl the spacing and 
position of the notches on the drive wheels. 

A Stand. 

B Base 

c sack buttress. 

0 Drive-chain wheal. 

E Link. 

F Crank aim. 

6 Front support. 

H Spacers. 


203 THE BICYCLE CHAIN MACHINE 










































































































THE BICYCLE CHAIN MACHINE TEMPLATES 



FIBUHE 37-SB 

The seals is two giid 
EguarBB In l 1 '. 

A StfinrL 
B Bass. 

C EacK Buttress. 

H Drive-chain wheel. 
E Link. 

T Crank arm. 

G FjunL scp^url. 

H 5D3.C6L'B 
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MAKING THE LINKS 

Take the wood that you have chosen for the links 
and plane it to a finished thickness of aba at Vi " . 

□ Cut ihs wood down an that you; have 53 littlo tablets 
at ah eat 1 Vh” wide by Z'/z” long, 

O Set each tablet out with a center line that runs in the 
direction of the grain. Take the compass; set it to a 
radius ef about / Spike the point on the center line, and, 
place Li as near as It can go to the end ol the tablet, draw 
out the circle. This done, set the compass to the same 
measure merit that you used to werk around the 
circumference of the wheel, and then step-off from the 
eenter of the circle te a paint on the center line. Draw 
another T -diameter circle at this point. If you have got it 
right, the distance between centers will ha slightly greater 
than Lhe diameter □! the circles. Link the two circles up 
with a little freehand radius. Repeat this procedure until 
you have 52 or mere links. I decided to make GD-my 
thinking being that there would he mesa-ups along 
the way. 

Take a drill hit that matches the diamstar af your 
chosen dowels and run each link through with 
two holes. 

O With at least 52 links drawn and drilled, then move 
to the sc re IE saw and carefully fret them out (Figure 
27-5). Don't worry too much if the profiles ate askew, as 
long as the holes are perfectly placed. 

When you have achieved the 52 links, take a small 
sharp knife end spend time whittling the sawn 
edges to a rounded finish. Work with the run of the grain 
from the peaks dawn into the dips, and from the peaks and 
around the ends (figure 27-B). 

ASSEMBLY AND FINISHING 

When you have achieved all the component parts 
that gn to makE up the design, spread them eut and 
generally check them over tor lit, imlsh and number, I say 
number because it's the easiest thing in the world, with a 
complex project ef this character, to make a mess-up with 
your counting and; finish up with a few links too short. 

And, as no dDuht you know, there is nothing quite so 
annoying in woodwork as getting ail ready for the final 
putting together only to find that you have got to go hack 
to starters and cut in or e components. 



FIGUHE £7-4 

The line of cut must run very slightly to the waste side of the 
drawn Jins. 11 you fit a new blade and make sure that it is wall 
tensioned, and if you Maik at an easy pace, than you will finish 
up with n cut line that requires the minimum of sending. 



FIGUHE 27-5 

Bridge the sharp angles between the circles with hand-drawn 
radius curves ss that the resultant “S" shape is smooth curved 
and easy tn cut. 



FIGURE 27 G 

Trim off the sharp earners sa that yen finish up with a form that 
is round-edged,- 
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FIGURE 27-7 

I*, whEit you line all the romp □ nent porta up side hy aid e, you see 
that dele or other of the links stands out as being too hiq H or tan 
small, or whatever, then new Is the time to threw It ant and cut 
another dub, 

H As a trial diy run, put together—no fine sanding or 
glue ai this stage—drill, dowel and lit thE backboard 
to the base., the buttress to the back of the stand, and the 
two supports to the front. 

Q Set the two main dowel Pivots in place in their holes, 
and slide the various spacers in place (Figure 37-B). 

O Toko the links, group them in matched pons, and sot 
each pair up with dowel pivots (Figure 27-9) so that 
rho links are sot together at the middle of the dowel. You 
need thirleen pairs an all. 

H Set the paired links eud to end in a row, and join 

them together with links set to the outside, You will 
find that the trick hero is in arranging the paired links 
so that the dowel centers from neighboring groups are 
nicely matched (Figure 27-10). If necessary, use a fold of 
sandpaper to make the dowels Slightly thinner and/or the 
holes slightly larger. 

When you have made the total chain, gently ease the 
links apart so that the chain firs over the edge of the 
drive wheels (Figure 27-LI). 



FIGURE 37-8 

The tut trass and supports ensure that the stand is true and well 
supported— mast important with a machine □! this height. 



FIGURE 27-0 

Fiddle stud fuss around until the paired Links arc well matched, SC 
that the dowels are parallel to each other. 
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At this stage in the operation. you will perhaps find, 
as-you roll the chain avar the wheel that the ends- of 
neighboring Links Jam This 1 e because tJae holes ate badly 
placed and/cr the prattle has LeelI badly sawn. It this- 3s- 
the case, then takE a ecrap cf sandpaper and gently sand 
had: the shape nf the Links until the problem is corrected 
[Figure 27-12). 

When you have Joined up the endE cf the chain and 
generally spaced the link a, gently lift the whole 
works up and set the two wheelE on their pivots. If 
necessary, ease the position of the dowels for best fit, 
[Figure 27-13). 

Turn the wheels slowly ever by hand, and sea how 
the individual Jinks- Bit one with another. Study the 
way that thE dowel pine comEtorest in thE notches and 
how the ends of the links relatE to each other. Make 
adjustments accordingly (Figure 27-14). 

Fit the spacer and the crank handle, and try 
everything cut for slse. Of cduise. the handle won't 
actually he turning ttie wheel at this stage—because its 
not pegged to ttie wheel—but you will at least be able to 
test out the feel of the machine. The other thing to bear In 
mind Is that you have cho ices—you can f Lt the handle to 
the top pivot, as shown In this photograph, or you can fit It 
to the bottom, as shown Ln the working drawings (Figure 
Z7-2A). As to the best posltLon, much depends on the 
weight of your wood and the E lse cf your hand. For 
example, if the wood 1e weighty and ttie machine top- 
heavy, then lt would be a good idea to lower the center of 
gravity by hairing the handlE on the bottom wheel But 
then again, if your bands are large and the turning space 
is tight, then it might be a better idea to have the handle 
on the teg wheel. It needs thinking about. 

When you are satisfied with the movement, slowly 
disassemble the whole works^ carefully pencLl 
numbering the llnkE be you go ao that you know the 
order of thLngs. 


Sand all the components: to a fine finish, oil the 
appropriate Eurtaces, and thEn glue up. Finally, 
burnish all the surfaces with war, and the project 
is finished 



FBGOflE 27-ID 

T1t«l«rllBtE uri tt be DLatdiaFl so tbit Dm j al» hrid the 
AmuBli para Hat tDiHh tltar. 



FIGURE 27-11 

Aittbg LUiksaiid slide Iks wliwLlai jilacs. 



FIGURE 27-12 

odh Iks ctiaJiL ias fesm Rttsc Eksn ?*■ cat to a (real extoiLt. 
ad|ist DieDtlf s analog a ebaoiler ao bio ados or tbs wC.ec]— go 
bout slides, so ikal da tcetu an sllglllr havatsd. 


THE BICYCLE CHAIN MACHINE 287 


Copyrighted Material 














FIGURE 27-13 

The whole thing gets 4 bit weighty and difficult to handle at this 
stsge, so be an your guard that everylliiiig doesn't spring apart 
[ noGdud. to push a few pegs through some of the dowel pins. 



FIGURE 27-14 

Make sure that you case the chain over the wheel so that thete 
is close contact with the link dowels sitting nicely in the 
Wheel notches. 


PROBLEM SOLVING 

* The big difficulty with this project is drawing cut and 
cutting the Sinks, The problem isn't that the individual 
procedures are particularly difficult; only the sum total of 
cutting each and every link La the same size and drilling 
perfect-every*time holes calls for a certain regimented way of 
working. Due way out cf this problem is ta budd a drilling jig. 
In action, you drii! one hole, slide the link on the jig, and then 
drill the other hole. This way nf working ensures that the holes 
are all sot the same distance apart. 

■ In the light of having made this machine, l think that nest 
time around 1 will go far much smaller links—say half the 
size. I Will have the wculI much thinner, the pivots Smaller 
and the wheels with twice as many notch ns. t will use a 
wood like European box or English plum. All that said, 1 think 
that its vital to have a go at this machine before trying for 
something smaller. 


t If you find that the movement is loose and sloppy, then it 
could well be lhat the links and/or the wheels are badly cut, 
with the effect that the chain is loose. If this is the case, then 
you could modify the machine by designing and fitting a 
mechanism that moved, one or other of the wheels up and 
down and then damped it in place. You could have the pivot 
moving in a slul rather than a drilled hole, or you could make 
the stand so that lap and bottom can he mnved apart. 

- If yon think that tha height of the stand is a bit clumsy, thEn 
you could change it about so that the two wheels are set side 
by side—more like a bicycle. 
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PROJECT 08 


The Wonderful Wilmhurst Machine 


PROJECT BACKGROUND 

A Wilmhurst machine is an apparatus that is used, ta 
demonstrate and produce static electricity- We had such a 
machine at school. It was a hit like an H.G. Walls time 
machine—a huge aflair with two glass disks. brass rods, 
metal halls, drive pulleys and crank handles, all mounted 
an a mahogany base. la action, the massive handle was 
turned, the two wheels zoomed around in different 
directions and two metal foil brushes stroked tho wtiaels 
while they were turning, with the effect ttiat electricity was 
generated and the thing began to produce a series of 
snappy, hanging and Ilzzv sparks—really amazing’ 


PROJECT OVERVIEW 

I lava a look at the working drawings (Figure 20-2A) and 
the templates (Figure 25-SB). The Wilmhurst machine is 
madn up fram a hase with two stanchions, with all the 
workings being pivoted on two horizontal dowel straits. 
The small pulley wheels on the top shait are glued to the 
disk plates, while the large pulley wheels on the bottom 
shaft are glued to the shait itself, Perhaps most important¬ 
ly, ono of the two puliny belts (both made of cord or clastic) 
is twisted into a figure eight so that it reverses the direc¬ 
tion of spin oi one disk. 
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THE WONDERFUL WELMHUR5T MACHINE WORKING DRAWING 


FEOJy r VIEW 


SIDE VIEW 


FIGURE 35 -EA 

With I Ills project, note that Ike Spacers 
(tho parts set between the wheels and the 
pullers) need to bo sized so tbat the pulley 
wlnek «p sue aba^a tj»c tsthev, 


B Stanchion. 


C DisVplete. 

D Larue pulley whael 
H Small pulLey wheel 
F Half bails. 


G Cianv Handle. 


H FaatJuilsL 


1 Fast pm. 

4 Drive knob pm, 
K Knbb. 


TOP VIEW 


L Drive shaft. 
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THE WONDERFUL WILMHURST MACHINE TEMPLATES 


FIGURE 2E-2E 

The seals is two grid 
sguaiBB la l 1 '. 



a Base 
8 Etanchiuin. 

C Disk plate. 
d Large pullEy wheel 
E small pulley wfreet. 
F Halt balls 
G Crank handla. 

H Best tmLaL. 

1 Past pin 
J Drive knob pin. 

K Knob. 

L Drive shall 
M Past. 

N Dalle. 
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CUTTING LIST 


A 

Bass 

3 A * 3'/r x 11 pitch pino 

B 

Stanchion 

Va * ZVt K 3 mahogany 

C 

Disk plate 

Vs * B * B brown nak 

D 

Large pullEy wheel 

3 A K 3V: * 3Va chErry 

E 

small palley wheel 

V* * a 1 /. ■ £Vi cherry 

F 

Hall balls 

From 2 ; /z" square section beech 

G 

Crank handle 

Vs * 2 Va * 3 V; mahogany 

H 

Past fmial 

From a sguarfi section plum 

I 

Pest pin 

Cut from scrap 

J 

Drive knob pin 

Cut from scrap 

K 

Knot 

Turned from 1” square sect la ns 

L 

Driv-e shaft 

4” long 

M 

Pest 

aW long 

N 

Balls 

Tram 3VY' squarE section beEch 



CHOOSING YOUR WOOD 

The only real needs for the wood are that the disk plates he 
mode from a wood that can be worked on the scroll saw, 
and the various halls he worked from a wood that can he 
turnod. We used oak for the disk photos, pine for the stand, 
heech for the balls and stand supports, mahogany for tire 
stanchions, a scrap of plum, for the two post finiaJs, and 
ullcuts lor the mat. 

MAKING THE BASE AND STANCHIONS 

D Take the wood for the base slab and plane it to a 
finished thickness of -A”, 


Use the rule, compass and suuare to set out the 
profile, and then fret it out on the scroll saw. You 
should have a base at 3" wide and 10" long, with the ends 
being based an 3”-diameter half circles. 


Set the base out with four center lines—one that 
runs end to end to halve the width, one running 
across the width to halve the length, and the other two at 
each end tn mark the diameter of the half circle. 


3 


□ With all the guidelines in place, use a square to draw 
the stanchion laps in at A" deep and 2" long. 



FIGUHE £0 -3 

Hun the chisel with a slitting paring action so that tha cut tfoes 
diagonally Bern 55 the run af the grain. 



FIGURE 20-4 

Whittle front the drawn circles, sc that the faces cf the circles are 
left in hat relief. 


Cat the Japs with a saw and chisel. First, saw in at 
each end to establish the depth of the lap, and then 
use the chisel to make horizontal paring cuts (Figure 
2E- 3). The trick is to make sure that you cut imctmnally tu 
tha waste side of the drawn lines. 

□ Take the wood for the stanchions, plane it to a 

thickness nf ] A", and use □ rule and compass to draw 
out the prullle fur both stanchions, 


5 


□ Fret the profiles out on the scroll saw, sc that the 
bottom. 1" is slightly oversize—about 3-A*—so that 
tha width is ton hig to fit into tho lap. 


D Size the width of the stanchions until they are a 
tight push lit in the laps. 
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Run the pivat points through with a hit Lo match the 
size of your dowel shafts, and use a knife to trim the 
neck □' the stanchion dawn to a □ Sightly round-Edged 
finish. Work from end to middle so as to avoid running 
into the end grain curves (Figure 2B-4). 


MAXING THE DISK PLATES 

to ensure that it's freo from twisting, F.nd than saw it in 
two so that you have a piece lor each circle. 


D Take your c ha son wood and plane it to a finished 
thickness of about ViY. Sight across the wood so as 


0 Take a piEcc, set the compass ta a radius af ZVl”, 
and draw out a single 5"-diameter circle. Now, still 
working from the asms center, draw out circles with 
radiuses of r and S'/Y', 


Use the Laals of your cheice to divide the circle up 
into 24 equal 15 D segments. I used an engineer's 
protractor, hut you could just as well use a compass hy 
stepping the radius off around the circumference and then 
quartering the resultant six divisions.. You cauid even da it 
with a compass and by trial and error. 


□ When you have drawn out the circles and tlieir 24 
divisions, take a pencil and draw a corner radius in 
every other division so that you have L2 spokes and 12 
round-come re cl windows. 


H When you have drawn the circle imagery out on one 
piece of wood, pin it to the other pimm., with the little 
nails being set in the waste areas welt outside the circle. 


Select a bit size ta match the diameter of your 
chosen dowel, and run a hole through the center of 
lbs circle so that it runs through both pieces. Plug the ball? 
with a short fength of whittle dowel, then change the drill 
hit to a smaller size—say about Vie 1 '—and run a hole 
through every other window. 



Finally, use the scroll saw to cut cut the circle and 
the windows oi waste (Figure as-5). 


MAKING THE PULLEY WHEELS 

3* diameter, and two at a IVY diameter. 


□ Look at the working drawings (Figure 38-2A); see 
how you TiGEd four pulley wheels in all—two at a 



FIGURE 20 -5 

Note the two helping pegs—one at the center of the circle, the 
□ ItiET in thE fast window to be cut. 



FIGURE 20-0 

As yon work nround the wheel, you will need to be constantly 
changing the angle dE cut to suit the run of the grain. 


□ Plane your chosen wood down to a W thickness, 
draw out the circles, drill ths centers out with the 
appropriate bit size, and then cut the blanks out on the 
scroll saw. 



Take the disk blanks one at a time, and first run a 
pencil center line around the thickness, and then run 


lines about W In from the edges. 


cut tile V-section by iirst running a stop-cut around 
the center line. Slice in at an angle into the cut sc 
that the waste fails away, and then deepen the stop-cat, 
and so on. until the V-section reaches the desired depth. 
The precise shape of the wheal is a matter of choice— 

I went for a slightly rounded feel (Figure 33-6), but you 
could just as well go for a. crisp sharp-angled finish. 


4 
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FIGURE 28-7 

Though the riffle r Is a good tool for working hardwood, it's 
horrible for snitwo □ d— be warned. 


FIGUHE 28-B 

Sink the waits » that yon can shape up the half ball. 


FIGUHE 28-10 

The sticks ensure that yonr hands are clear of the blade, 

DD HOT attempt this procedure without the sticks. 

To make the hall shapes, use the skew chisel to 
shave the earners otf the remaining T/V'- diameter 
sections. If you work backward and forward along the 
wood with a little-by-little approach, yon will eventuelly 
finish up with a string of halls—like heads uiia necklace 
(Figure 28 9). Run a little line around each hall to mark 
the median. 

Part the haSls a£f tram the lathe and sslact the hest of 
the hunch for the project. You need two complete 
halls for the end-of shaft details, and two half halls for the 
base supports. 

Pun all throe hods through with diameter holes. 
Take the hall that needs to he sliced in hah. cut a 
couple of sticks to push in the hall so that you can hold 
]t safely, and then slice it through on the hand saw 
(Figure 28-10), 


FIGURE 28-9 

Make constant checks with the calipers tc see bow close you arc 
getting tn turning a perfect sphere. 


When you have whittled the pulleys more or less to 
shape, bring them ta a good finish with a riftlar file 
and the graded sandpapers (Figure £8-7), 


MAKING THE BALLS 
AND POST SUPPORTS 

Mount your square section wood on the lotbo and 
swiftly turn it down to a smooth cylinder at about 
lVi” diameter. 


Set the dividers-to the diameter of the cylinder, and 
make step-alfs along the cylinder—'/a" tortailstock 
waste, TA" for the first ball, W for parting waste, IVe" for 
rhe next ball, and so on along the length at the wo ad. 


Take the parting tool and sink the bands of waste in 
to a dEpth ui abouL /c so that you are left with a 
central core at about Va" (Figure 28-8), 
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153-156 107,105.037 
Wedge pici. 129,277 
Wedge. team, 61 
Weight, baerci 11, L2,14, IG 
bob B. 32.14 
;Ly r 'L3C. 136 141 
metel, 124 

sector. 37. 22. 23, 25 06 
WiieeJ, bearing, 63- 31 
trageys. 145-155 
rhBMis I47-1BB 
(bUawni. 33, 30,142, 145-152 
tODtbfitf, 115.303-129 100.193, 241-247 
Whittling. 7,23, 45, 53, 34, 65, L39.175, 

130, 246 SfiS, 

WMd. baecb. 10 43.54,73, 73, D7, 96,136 
315,124.136. L4B, 157.133.176 
164.043. 273 
cadar 7Q 

cli-anrjr. 10 33. 36, 43. 45. 46.62.57 SB. 
115,135.143.153. 235. 243. 256 
0B4 

jflhMmq. 15, 43t 1 Dl. 100 ] Q7 
tiTHB; 1H7, LtO, IS?. 21-3 t^H, ^43 
miipjr. Ej4, hh. H7, Hfc 120 1E7. ]7a,^4:j 
□u>, 22, 24,1£7. L93, 204,210,2211,049, 
255, 234.273 
ul.ve. 23, 24, 23. 32 
ptile, 30 36 131,124. 157,13D, 173.179, 
19S. 0D4, 213. 224, 235. 243, 256 
254, 273 

pLurai, 7D. 70. BL 124.13B. 140 163,153. 

154. ‘57, 2L3. 220 235, 265.070 
eycamDTH. 7 R. 70 . igg. 343 
tutljr, 33. 35.145 

walnuc. 33. 35. 37. 115 , ns, 14B.15D :&4 
W r PTm. 185-LB7 
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